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German Translation

Clinical Aspects and Treatment of Acetic Acid Intoxication

H.-J. Krecke, H.H. Sessner, G. Busch, M. Strauch and I. Muffer (from
the Heidelberg Medical University Clinic (Ludoffkrehl Clinic) - Director:
Prof. Dr. K. Matthes).

Source: Medizinische Welt No. 43, pp. 2253-59, 27 Oct. 1962.

'The.relatively frequent occurrence (1,3,12) prior to World War I, of
often fatal cases of poisoning after peroral intake of so-called vinegar

essence (about 80% acetic acid) has been reported, mainly around the turn of

the century, in several case reports (4,6,10,22,33/34,35,44,48,50/51,60,62,

64). Later, this type of intoxication appears. to have become less frequent,
as pointed out by Friedrick—Bfeuniger (13), Kogler (26/27) and Siebert (54),
so that relatively few authors (16-18,24,26/27,40,42,53,55,58/59,61) have
been concerngd with 1t. This fact explainsrwhy acetic acid poisoning is
often not mentioned at all in toxicology textbooks or reviews (9,15,30,43,
45,56,65) or only briefly described (7,14,23,38). In this respect, there
are only a few éxceptions (11,19/20,25,32,39,52), which, however, are not
quiﬁe satisfactory. |

For this reason, we have already Briefiy reported elsewhere (28), on
hand of 3 personal observations, the main clinical syﬁptons of this disease..
It was pointed out that, in severe cases, apart from local corrosion symptons,
a more or less marked acidosis and/or hemolysis and shock are observed, '
during the course of which an acute kidney failure takes place. Other
problems arising in this connection, e.g. the developmeht of a coagulation
disturbance, could only be touched upon briefly at that time (28), due to

the lack of sufficient experience.



A further case of severe acetic acid intoxication, observed in the
meantime, prompts us to deécribe this disease more extensively. This appears
to be all the more justified as the cause of contradictory information on
the occurence of oxy- and methemoglobin (24-26,28,50,55,59) can possibly be

clarified in this manner.

Survey of Observed Cases

The first two cases (case 1 and 2 of ref. 28) included patients in which,

along with corrosion after-effects, an acute kidney failure played a predominant
role in the clinical picture. Both cases came to our clinic only on the 3rd day

after treatment, so that the initial acidosis could not be objectively detected

at all, and hemolysis could only be partially detected.

Case 1: (Theodor G., Patient record no. 635/60) was a 37-year old man

(alcoholic) who drank about 100 ml vinegar essence for the purpose of comnitting

suicide, whereby part of this amount had probably been expectorated. He had
collapsed a few minutes later, was then takén to an outside hospital and thcre
had vomited a large amount of blood several times. The urine amount collected
during thé first 24 hours was only 350 ml, and the urine had a ''red-black"
color, but did not contain any erythrocytes, which was attributed to an
intravasal hemolysis, although this fact waé not determined more precisely.
Serum bilirubin on the .2nd day amounted to only 1.22 mg%, of which 0.64 mg¥%
was indirect bilirubin. Tfeatment at first included intravenous infusions

of large amounts of NaHCO3 and several blood transfusions, after which the
blood pressure quickly became normal. During the first 48 hours, spasmodic
attacks of pain occurred in the middle portion of the body. Starting on the
afternoon of the second day, the patient became anuric, and for this reason

was transferred to our clinic. By this time (3rd day) serum bilirubin was
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already normal. Hemoglobin amounted to 90%, the alkali reserve was 63 vol.Z
€o,, the pH of venous‘blood wés 7.46. The clinical.picture in the following
weeks was dominated by the following 2 symptons: 1) a typical picture of
severe acute kidney failure, and 2) bleeding from the gastro-intestinal duct,
frequently of a high degree and lasting for weeks (tarry and bloody stools,
occasional blood vomiting), which could be controlled only with great diffi-
culty. Anuria lasted for a total of 14 days. This renal insufficilency with
repeatedly threatening hyperkalemias and residual N increases could be over-
come Sy 2 hemodialyses on the 6th and 11lth day and by a peritoneal dialysis
on the 18th day (for further details, see ref. 23). The urine contained at
first up to 8% protein according to Esbach (1.2 protein/day maximum) and a
much larger number of erythrocytes, leucocytes and granulated cylinderé than
normal. From the 22nd day on, a proteinurié could no longer be detected.

The polyuric phase reached its peak at the end of the 4th week with a daily
urine amount of 7.6 1 and was comﬁlicated in its further course by a parotitis
of short duration, an infection of the effefent urinary tract lasting several
weeks and of genital orcanms, and by a severe thrombophlebitis on the left
lowver lég. By the end of the 7th week, tﬁe urinary sediment was negative,

at the start of the 10th week no pathological findings were detected in

the bladder by cystoscopy, indigocarmine excretioﬁ was normal on both sidgs,
and the renal pelvis was normal on retrograde filling. During the 1l4th

week, a renal clearance gave approximately normal values (CIn=120 ml/min,
CPAH=490 ml/m}n, FF = 24.5%, TmPAH=47 mg/min) , and the kidneys concentrated
up to a specific weight of 1.026 in the concentration (thirst) test. TFrom

the 5th week 6n, no tarry stools were observed, and starting with the 6th
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week concealed (occult) blood was absent (benzidine test). An X-ray exami-
nation of the upper digestive 'tract 10 weeks after the intoxication‘did not
disclose, surprisingly, any definite signs of strictures or other corrosion
after effects. At that time, a fractional study of the gastric juice showed
that it was only slightly subacid.

During the 13th week, a thorough examination revealed a greater damage
of the liver parenchyma (enlargement by 2 fingerbreadths; positive (+)
galactose test; brémsulpﬁthalein test: dye‘retention after 15 min 54Z,
afterEAS min 32%; electrophoretic diageam of the serum: total protein 7.6 g%,
includ;ng 2.8 g% albumins, 0.2 gZ al—globulins, 0.2 g% ajy-globulins, 0.8 gZ
B-globulins and 3.6 g% y-globulins; positive (+) vitamin K test). During
a control test 7 months after intoxication, the above findings showed.é
partial improvement (liver enlarged by_one fingerbreadth; galactose test ++;
bromsulphthalein test: 32% after 15 min; 12% after 45 min; eleétrophoretic
diagrém of the serum: total protein 6.7 g%, including 3.2 g7 albumins, 0.2 gZ
ay-globulins, 0.7 gz az—globulins, 1.1 g% B;globulins, and 1.5 g% y-globulins).

g§§g_2_(Edith M., patient record no. 3387/60) was a 37-year old woman,
who, during a schizophrenic attack reportédly drank about 200 ml vinegar
essence, part of which was probably expectorated. After treatment in several
other hospitals, where she received milk, burnt ﬁagnesia, etc. and had |
collapsed several times, she was brought to our clinic only on the 3rd day
in view of tarry stools and an increasing oliguria and anuria.' In spite
of this fact, a very large amount of hemoglobin could still be detected in
the urine by spectrophotometry, while the serum pH and the alkali reserve
in venous blood essentially corresponded to the degree of uremia (for

details, see ref. 28). The urine pH at first was 7.0, the titration acidity
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was 2.5 meq/l. Daily checks showed a leucocyte number between 25,300 and
31,600/mm3, the number of thrembocytes was normal during the entire
observation period.- A catheter specimen of urine contained a huge numbér of
erythrocytes.

The lethal outcome of the process in the patient, who remained anuric,
could no longer be stopped by a hemodialysis performed on the 6th day, which
exerted a sufficient effect from a blood chemistry viewpoint. The patient
died a few hours later from circulatory fallure in an extremely severe
péychotic state of agitation. Autopsy (see Note) revealed, along with a
high-degree fulgurative hemorrhagic inflammation of the upper digestive
tract extending up to the duodenum, a severe hemoglobinuric nephrosis with

extensive necrobioses of the tubular epithelia. In addition, a histologigal

study disclosed only a low-level, fine-drop fatty degeneration of liver cells.

The 3rd case (case 3 in ref. 28) was a case of vinegar essence intoxication

treated at a relatively early time; its clinicél picture, except for the
intravasal hemolysis, was dominated by a high-level acidosis.

This case involved a 29-year old man (Franz Sch., patient record no.
3976/61), who drank about 75 ml vinegar essence for sulcide purposes. He
was admitted to our clinic 3 hours later, after receiving milk at home and
repeatedly vomiting blood during his trip to theAplinic. The initial blood
pressure was 180/160 mm Hg, but dropped after about 1/2 hour to hardly .
measurable values, which barely responded to high Arterenol dosages. ‘Serum
hemoglobin was 1624 mg % (normal values: 3-5 mgZ), whereby both absorption
bands characteristic for oxyhemoglobin were detected by spectrophotometry.

A coagulation analysis performed at the very beginning disclosed a lowering

Note: We wish to thank Prof. Dr. K. Lennert for his friendly transmission
to us of the autopsy reports on cases 2,3 and 6.

-5~



of the prothrombin complex with considerable hypofibrinogenemia and thrombo-
cytopenia (28). By that time, the pH in veﬁous blood had dropped to 7.11,
and the alkali reserve to 24 vol % Co,. Both.values dropped to 7.05 and

19 vol Z in spite of intravenous injection of 50 g NalCO4 and peroral
administration of milk, egg albumin and burnt magnesia, and the patient died
10 hours after poisoning with symptoms of a highly severe acidosis. Autopsy
disclosed that corrosion after-effects in the intestinal tract extended up
to the jejunum. In addition, a marked hemoglobinuric nephrosis as well as

a geheral hemorrhagic diathesis were noted (for details, see ref. 28).

Two further cases (case 4 and 5) of vinegar essence intoxication, which

also took place for suicide purposes, had a light course free of complications.

' These cases merely exhibited local corrosion after-effects, but no significant

general symptoms, and particularly no clinicaliy detectable signs pointing
to at least a stronger hemodialysis.

Case 4 (Hans A., patient record no. 3229/61) was a 5l-year old man
with an endogenous depression, who was admitted to our clinic a few hours
after drinking an unknown amount of vinegar essence. The ini£ia1 blood
pressure had dropped to 90/60 mm Hg; but rose rapidly to reach normal values
after intravenous injection of NaHCO3 and dried human serum. Superficial
corrosion effects, which healed rapidly, could be detected in the mouth
cavity, pharynx and; aé far as could be seen, also in the esophagus. The
maximun number of'leucocytes was 20,300/mm3. The temperature reached 37.7°C\
only on the 2nd day. No complications in the kidneys were noted.

lgggg_g (Anna R., patient record no. 4045/60) was a 44-year old woman

with an endogenous depression, who drank only a few gulps of vinegar essence,

had received large amounts of milk immediately afterwards, and was brought
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—.‘,_\\ indirectly to our clinic 1/2 day later. No symptoms of collapse could be

_: determined from the case history, and the corrosion after-effects in the throat
were very slight. Leucocytes reached a maximum number of l3,500/mm3, the

- temperature in the first few days was 37.9°C. Residual N and serum bilirubin
remained normal, and no complications were notea.

B The final case again involved a severe acetic acid intoxicationm, which,

— on the basis of previous experience, was treated in a particularly intensive
manner already at an early Stage. Acute renal insufficiency did not take

- piace, in spite of an extremely severe hemolysis, but the patient qied
several days later from heart and circulatory failure.

. The 6th case (Adalbert E., patient record no. 1349162) was a 40-year

—- 0ld man with a history of blindness acquired a'long time ago, who drank 2
cups of vinegar essence for sulcide pufposes. - An unknown amount of poison

— was expectorated and possibly also aspirated (breathed). The patient was
brought just 2 hours later to the local Throat; Nose and ¥ar Clinic, where

A " a tracheotomy was performed and at first 500 ml of a 5% NaHCO5 solution was

— given by intravenous infusion. After another hour, the patient came to our
clinic, where the disease initially followed the course illustrated in Fig. 1.

- This figure shows at the same time the most important findings observed in
the first stage of the process. At first, the sefpm hemoglobin was 1900 mgZ%,

r. the pH in arterial blood 7.30, and the urine pH 6.45. The initially con-

— siderably depressed respiration was followed, after a total intravenous
injection of 85 g NaHCO3, by an apnoic phase, which required a temporary

- artificial respiration from a Poliomat apparatus. Under coplous intravenous
infusion of levulose instead of NalCO,, the patient continuously passed

B urine, which was collected in advance with a permanent catheter. Following
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a renewed depressed respiration and after an intravenous infusion of 7.5 g
NalCO3, a transitory Cheyne-Stokes breathing set in, whereupon sodium
bicarbonate was again replaced by intravenous levulose. A severe hemoptysis,
occurring for the first time 13 hours after intoxication, led to a threatening
drop in blood pressure, which could be rapidly restored, however, by Qolume
filling and other therapeutic measures (see Fig. 1). By that time,: the pH

in arterial blood had become normal (7.40).
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e r Prednisolon?, ' +1000mi Macrodex 6 %
o No o—s | - | K xeee
: L 160 (6
& 3 m £/l o - r:Eq/I
2 140 T Xzt T X e — .
33 doad FTTTT e :
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Fig.r 1. 'Progress of a case of severe acetic zeid poisoning in a 40-year
old man during the first 17 hours. Figures under the columns, indicating
urine amounts, represent the pH of urine. For further details see text.

439



-~

1439

The behavior of the prothrombin complex (prothrombin, factor V/VI and
VII) and of the thromboelastofram (TEG) during this initial phase of the
sickness is shown in Fig. 2. From this figﬁre, we can see that the factors of
the prothrombin complex dropped (decreased) to a lesser or greater extent
during the first hours, whereby accelerator globulin reached an excessively
low value (5%) about 5 hours after poisoning, and then rapidly returned to
normal during the further course of the process. Particularly striking was
the behayior-(course) of the TEG, which was continuously recorded during
the first phase until it became normal (Fig. 3). A significant lowering

(decrease) of blood platelets could not be observed.

—amema-alyy

IEG«s\anml_" . TEGr et
0 ; . <
. TEG
x ‘,‘ :
. -'z ‘

o B 5 8 BNE

4 6 8 VW 12 % W W 20 22 X 2 3 XN R U X
-, s«w«&

Fig. 2. Behavior of the thromboelastogram (TEG)
and prothrombin complex (PTB = prothrombin,

F. VII = Factor VII, F. V/VI = Factor V/VI)

in a case of severe acetic acid poisoning during
the initial phase of the sickness. For further

details, see text.
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Fig. 3. Behavior of the thromboelastogram 4-39 hours after peroral

intake of 2 cups of vinegar essence by a 40-year old man.

Figure 4 shows that urine contains only oxyhemoglobin 4 hours after
poisoning, but no methemoglobin. From here on, a practically linear increase
of the methemoglobin concentfation is noted, with an opposite course of the
oxyhemoglobin content of urine (llote: We wish to thank Doz. Dr. B. Hess

at this point for the corresponding determinations by the cyan method).

Hb 2‘01 ,‘...‘\\. T ) !‘| -?..‘:.." u R
9100mt | - Saelt 8 3T, F s
e O L S

s e ‘ - ‘ . - yod(s
e 6 .12 . 18. .2 30 '35 g;‘

QA i

Fig. 4. Urine content of oxyhemoglobin (Hb) and methemoglobin (tet-Hb)
in the first 1 1/2 day after peroral intake of 2 cups of vinegar essence
by a 40~-year old man. For further details, see test.
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After the acute stage was overcome, circulation remained balanced in
the following days, with a supply of liquids adjusted to fluid elimination.
The temporarily reduced serum potassium content (see Fig. 1) could be restored
again to its normal value by appropriate substitution. During the first
2 days, leucocytes reached a maximum number of 33,000/mm3, the rectal tem-
perature fluctuated in the first 4 days around 38°C. The serum bilirubin
increased on the 2nd day to 2.9 mgZ. The enzyme content of the serum exhibited
the following values during the sane time: LDH 1095 I.U., GOT = 300 I.U.,
GPT = 219 I.U., alkaline phosphatase = 8.5 I.U. ' Lactate dehydrogenase (LDH)

dropped after 2 more days down to 758 I1.U. Residual N remained normal

during_the‘entire period. After 3 -days, the urine contained no more protein

- after an initial light proteinuria,,but'did contain occasionally granulated

cylinders and isolated -erythrocytes.

An X-ray examination of the thorax, performed 12 hours before death,
disclosed partially confluent bronchopneumonic foci in both lower areas, as
well as in the left midzone. In spite of intensive antibiotic treatment
with chloramphenicol carried out from the very beginning, hyperpyretic
temperatures appeared suddenly at this time, which could no longer be
controlled therapeutically, so that the patient died from heart and
circulatory failure on the 5th day after poisoning.

Autopsy discloéed.high—grade corrosive burns of the mucous membrane
extending up to the antrum ventriculi, as well as a severe pseudomembranous \
necrotizing inflammation of the larynx, the trachea and the bronchi on both
sides, further extensive pancreas fat;y tissue necroses, and a strong,

primarily acinocentral, but at sone points also diffuse, medium-to large-

drop fatty degeneration of liver cells with small-foei liver cell necroses.

-11-
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In addition, multiple partly blotched and partially punctiform hemorrhages
were noted on both sides of the pleura visceralis, as well as a hemorrhagic
pleural effusion (300 ml) on the right side and blotched subendocardial
hemorrhages in the outflow (discharge) circuit of the right ventricle., A
histological examination of the kidneys showed a low-level hemoglobinuric
nephrosis and a diffuse, fine-drop fatty degeneration of the renal tubule

epithelia.

Discussion
From the description of these 6 patients sdfferiné from vinegar essence

intoxication, observed at our clinic in the past 3 years, we can obtain the
entire symptomatological scale of this syndrome. The light cases (cases 4
and 5) are dominated by local corrosive aftef—effects, without the appearance
of any significant (or'none at all) intravasal hemolysis., The corresponding
mucous membrahe lesions heal relatively fast and lcave behind no permanent
residues, as far as could be judged from the available observations. In

severe cases of poisoning, a more or less marked acidosis (cases 3 and 6)

is additibnally noted, on the one hand, and occasionally a high-level
hemolysis (cases 2,3 and 6) on the other hand. The latter has already been
reported by different authors (18,22,25,26,33/34,40,42,50,53,55,58,59,61,62),
whereas acidosis was mentioned in only isolated clinical studies (19,58).

In addition, a more or less high-level shock (cases 1-3) 1is observed in the
initial stage of the process, in agreement with various authors (6,22,34,40,
48,50,64). The further clinical picture is determined, as long as it not

possible to therapeutically influence the acidotic metabolic condition

and/or the shock at the right time, by the typical picture of acute kidney

-12-
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failure (case 1 and 2); the problem posed by the latter has already been
discussed elsewhere (28).

The pathogenesis of shock, acidosis and hemolysis after peroral intake

of vinegar essence is no doubt a very complex problem, which will be discussed
here only in broad terms, since its further clarification will be attempted
by means of experimental animal studies (8). On the basis of studies

carried out by Schibkow (52), we can assume that the direct corrosive action

of vinegar essence on the mucous membranes of the. oral cavity and of the

upper intestinal tract can already cause a drop of the blood pressure, which

is further reinforced by the vomiting of blood (hematemesis) that occasionally
takes place very early, as was already noted by Gerhartz (16), Hitzig (22),
Karber (24), Romeik (48) and Schaffer (50).A Aflleast in sﬁme cases, these
factors may not be sufficient, however, to effectively determine the further
development of the process. The most important pathogenetic factor, then,

is the more or less clearly expressed acidosis; which can conceivably lead

in different ways to an acute kidney failure (Fig. 5). One such possibility

is the direct inducement or even aggravation of a shock with the consecutive
developnent of shock kidneys. Since, according to animal experimental
studies of Meesmann et al. (37), however, acidification alone, i.e. without
any significant and simultaneous hemodynamic reacf;ons (repercussions), can
also result in a failure of the renal function, such a mechanism is also
debatable when anuria and/or oliguria takes place. Finally, it 1is possible
that a severe acidosis together with an intravasal hemolysis may lead to the
appearance of chromoproteln kidneys. According to the experimentai studies
of Bing (2) and others (for further references, see‘47), the simultaneous

formation. of methemoglobin appears indeed to be a prerequisite for the

~-13-



effectiveness of such a pathogenetic chain, and it is then possible that

intravasal hemolysis combined with a shock can give rise in this manner to

the formation of a hemolytic kidney. This mechanism, which we have specifically

pointed out recently (28), shows that the combination of the different
factors pointed out here is probably the rule, and that a demarcation of

individual partial components in an isolated case is probably impossible.

fine
L LY K/j[}HL4
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=T _.)_g RN

vy e  Purij——1) Bei Hamolyse
: ;?_,»1 ;‘/-)jw»i‘j '/,E,.,o%;: -{Met-Hb?)
MQK”W’Z . Chromoproteidnieren
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. - Anurig-f‘ ﬁ’ﬂur‘h" o
Fig. 5. Schenatic diagram of the possible pathogenetic pathways

along which acidoses can lead to acute kidney failure during
acetic acid poisoning. For further detalils, see text,

The acidosis occurring in the initial stage of severe acetic acid
poisoning probably also plays an important role in the development (formation)
of hemolysis. In this connection, howéver, the lipophil character of
acetic acid must also be taken into account as a causal factor, although
its contribution to the pathogenesis of the hemolytic syndrome cannot
be defined more precisely on the basis of the human experience reported
here. In the final analysis, the samé applies also to the cause of acildosis,

whereupon this subject can be examined in greater detail during the course

of experimental studies.

-14-
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Our recent findings (28) showing'that ox&hemoglobin, and not methemoglobin,
is formed in the course of the hemolytic process during acetic acid poisoning
make it necessary, in view of the results now available, to introduce a
correction or, better stated, a supplementary remark. This statement, which
appears to contradict the data reported by Karber (24), Kogler (26) and
Strzyzowski and Nicod (59), is based on the spectrophotometric studies
performed on our case 3 and resulted, as the results obtained with case
6 show (Fig. 4), at that time apparently from the fact that in case 3 only
the initial stage of the process was investigated. It can be seen namely
from Fig. 4 that the oxyhemoglobin actually present alone in the initial

phase of the intoxication is converted more and more into methemoglobin

" during the further course of the process, so that the urine contains

practically only methemoglobin about 14 hours éfter the onset on sickﬁess.
In this manner, the pertinent contradictions found in the literature can
probably be explained: namely, in those cases where only oxyhemoglobin was
found (20,50,55) apparently only the early stages of intoxication were
studied, whereas in those cases where methemoglobin was detected (24,26,59)
apparently the later phases were primarily investigated. Thus, it appears
certain in any case that vinegar essence is not a primary methemoglobin former,
but that this oxidation product of hemoglobin appears oniy gradually during
acetic acid poisoniﬁg as a result of certain biological reactions.

Further, of épecial interest during severe acetic acid poisoning is

the general hemorrhagic diathesis observed, which we have already briefly

pointed out elsewhere (28) on hand of case 3.
This case disclosed, immediately prior to the onset of the blood

pressure drop and in addition to the decrease of the prothrombin complex

~]15-




(prothrombin, factors V/VI and VII), also a considerable hypofibrinogenenmia
with a thrombocytopenia. The behavior of blood platelets, thromboelastogram
(Figs. 2 and 3) and prothrombin complex (Fig. 2) during the first 1 1/2 day
after poisoning could now be followed continuously in a further case (case 6).
In this case, during the first 10 hours after péisoning, factors of the
prothrombin complex, and especially accelerator globulin (factor v/vi),
showed a strong decrease, while thrombocytes remained approximately within

a normal range. After 18 hours, factor V had at first become completely

. normal, but dropped again to 55% after a further 21 hours. A normalization

of prothrombin and factor VII could not be observed during this time period.
At the start of the intoxication, the TEG curves were greatly narroved;
a few hours later, the maximum amplitude of the TEG had reached normal

values, but decreased again after 16 hours. The initially prolonged (longer)

vcoagulation time was again finally normal already 4 hours after the start of

treatment.

An interpretation of these findings is not possible yet. By appropriate
buffering of our coagulation batches, it is out of the question that method-
ical errors based on acidification could have given rise to these values.

An explanation of this fact is reported at the present time by Lausch et al.

According to our experience, it can be stated already now that a considerable
importance must be attributed to these cpagulation changes in evaluating the

severity of the intoxication.

The changes of the coagulation potential discussed here refer only to

the initial phase of the process. The reductions (decreases) of the
prothrombin complex occurring during later stages, such as those observed

in case 1 and also suggested in case 6, are probably due to the more or

-16-
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less severe liver injury taking place during the course of intoxication in
case of a sufficiently long survival time. Such an.additional orgaﬁ lesion,
which has been pointed out already by several authors ¢17~19,35,39-41),
could be confirmed (when the results obtained: by Gerlach et al. (18) are
taken into account) on hand of pathological-anatomic data and appear likely
already intra vitam (during life) in case 6 in view of the strikingly small
LDH/GOT ratio. The clinical data in case 1 can also be interpreted in the
same way, although here a pre-existing injury of the liver parenchyma must
be as;umed in view of the chronic drinking history of the patient. Never-
theless, a striking fact with this patient is that the size of the liver
decreased during the many months of observation and that the liver function
tests, and primarily the bromsulphthalein test, in part shoved a definite
tendency to improve. Further studies are neﬁeésary, however, to determine
the cause responsible for the damage of liver cells in cases of acetic acid
poisoﬁing, where the patient survived for at least several days.

The question concerning an adequate treatment of acetic acid poisoning

has so.far been discussed by ‘us (28) mainly in regard to-the always present

threat of an acute kidney failure. In connection with case 3, we have
already pointed out that special therapeutic measures are necessary to
control the high-level acidosis with all its consequences, which sometimes
sets in rapidly in sevére intoxication cases. The primary goal of such
therapeutic measures will be to break, as early as possible, tﬁe vicious
circle produc?d by shock, acidosis and hemolysis, and thus to avoid ét least
the development of a kidney failure. On the basis of the experience gained
in the mean time, this could actually be achieved in the last case observed

by us (Fig. 1). Startins from the idecas formulated during the above-mentioned
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consliderations (see Fig. 5), we believe, first of all, that the intravenous
application of sodium bicarbonate in a maximum dosage is of decisive
importance. The above-mentioned case teaches us, by the way, that therapy
requires a continuous control of respiration.. Therefore, a tracheotomy
performed immediately, with the possibility of applying artificial respiration,

represents a sine qua non condition. In case of breathing disorders (see

Fig. 1), it is suggested that the above alkalization be temporarily dis-
continued. In this case, continuation of the infusion treatment with more
or le§s high-percentage levulose is urgently recommended as long as the
carefully supervised diuresis allows such a supply of liquid. Imn this
manner, the critical first 24 hours could be overcome in the 6th case
discussed here, in spite of the consideraﬁle hemoglobinuria present.
Otherwise, the rules for the treatment of acute kidney failure are of
course applicable. If a shock still cannot be avoided, in spite of all
thesevmeasures, then one will have to keep in mind, among other things, that
a lowered response of arterioles to angiotensin is found in a certain
definite area during an acidotic metabolic condition, so that one must
have recourse, if necessary, to an artereﬁol "Dauertropf’ (continuous)

infusion (36).

Thus, in general, the following therapeutic procedure is recormended
for severe acetic acidipoisoning, based on the experience available here:

1. Within the first 10-15 minutes: gastric lavage, followed by

Mg(OH)2 (38); otherwise and/or after:

2. Tracheotomy; simultaneously and as colaterally as possible:
3. Intravenous injection of 5% sodium bicarbonate (under continuous

control of the depth of respiration); if necessary (cf. above) :
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4. Intravenous injection of 5% levulose (according to the degree of
diuresis, which must be carefully checked). If the urine amount deéreases,
either again intravenous NalCO, or 40% levulose (osmotic diuresis).

5. 1In case shock is already present, additionally the usual shock
treatment (hypertensin or arterenol "Dauertropf" infusion, see above) .

6. 1In case of reduced urination, the génerally applicable rules for
the treatment of acute kidney failure should be, followed.

Naturally, the further fate of the patient is determined, as case 6

shows; finally by the extent of corrosive burns. Further additional experience

will be necessary in order to decide whether the always present threat of

acute kidney failure during acetic acid pqisoning can be avoided, at least

in the majority of cases, by using the procedures described here. |
Altogether, a knowledge of this iptoxiéation and of its possible

methods of treatment appears to be of increasing interest, sinée this

type éf poisoning apparently occufs more often than is indicated in the

relatively scarce literature on this subject.

Summary

A total of 6 cases of intoxication following peroral intake of vinegar
essence are reported; 2 of these cases were light and without any complicdtions,
whereas 6 cases had a a definitely severe'coﬁrse. Two of the latter cases
exhibited the typical picture of an acute kidney failure, whereby one
patient could be saved by means of extracorporeal hemodialysis and peri-
toneal dialysis. Another patient died within 10 hours in shock with a
picture of very severe acidosis and hemolysis, whereas in the final case

renal insufficiency could be prevented by adequate therapy, in spite of a
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marked acidosis and hemolysis.

The clinical picture of the sickness is discussed in detail, with
special attention devoted to the pathogenesis of acidosis, hemolysis, aﬁd
eventually shock, and to their possible consequences (acute kidney failure).
As a result of this study, a number of significant therapeutic measures. for the
treatment of the initial phase of acetic acid poiscning are suggested, which,

as experience shows, can prevent the development of acute kidney failure

in some cases.,
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Das vor dem 1. Weltkrieg Telativ hiufige Vorkommen
(1, 3, 12) von vielfach todlichen Vergiftungen nach per-
oraler Einnahme von sogen. Essigessenz (= ca. 80%iger
Essigsaure) hatte vor allem um die Jahrhundertwende in
mehreren Fallberichten (4, 6, 10, 22, 33/34, 35, 44, 48, 50/51,
60, 62, 64) seinen Niederschlag gefunden. In der Folgezeit
scheint diese Intoxikation, wie aus den Angaben von
Friedrich-Breuninger (13), Kogler (26/27)
und Siebert (54) hervorgeht, seltener geworden zu
sein, so daB sich nur verhiltnism#Big wenige Autoren
(16—18, 24, 26/27, 40, 42, 53, 55, 58/59, 61) damit beschaf-
tigt haben. Dies macht verstandlich, warum die Essig-
saure-Vergiftung in toxikologischen Lehrbiichern oder
Ubersichten oft entweder gar nicht (3, 15, 30, 43, 45, 56, 65)
oder nur kurz {7, 14, 23, 38) beschrieben wird. In dieser
Hinsicht bestehen nur wenige Ausnahmen (11, 19/20, 25,
32, 39, 52), die jedoch nicht ganz befriedigen.

Aus diesem Grunde hatten wir an Hand von 3 eigenen
Beobachtungen bereits andernorts (28) iber die wesent-
lichen klinischen Merkmale dieses Krankheitsbildes kurz
berichtet. Es wurde hervorgehoben, daB es in schweren
Fillen, abgesehen von den fokalen Veratzungserscheinun-
gen, zu einer mehr oder weniger ausgeprdgten Azidose
und/oder Hamolyse sowie zu einem Schock komme, in
deren Verlauf sich ein akutes Nierenversagen einstelle.
Andere, in diesem Zusammenhang aufgetauchte Probleme,
2. B. die Entwicklung einer Gerinnungsstdrung, konnten
seinerzeit (28) in Ermangelung auisreichender Erfahrungen
nur gestreift werden.

Ein weiterer, inzwischen beobadhteter Fall von schwerer
Essigsaure-Intoxikation gibt Veranlassung, diese Erkran-
kung in gréferem Umfange noch einmal zu erdrtern. Dies
erscheint um so gereditfertigter, als hierbel auch die
Ursache der widersprechenden Angaben iiber das Auf-
treten von Oxy- bzw. Met-Hamoglobin (24—26, 28, 50, 35,
59) geklart werden konnte.

Ubersicht iiber die beobachteten Fille

Die beiden ersten Falle (= Fall 1 und 2 von 28) waren
Patienten, bei denen aufier den lokalcn Veratzungsfolgen
ein akutes Nicrenversagen im Vordergrund des klinischen
Bildes stand. Beide Falle kamen erst am 3. Tage anbehan-
delt in unsere Klinik, so daB sich eine initiale Azidose
iiberhaupt nicht mehr, eine Hiamolyse nur noch teilweise
objektivieren lieBen.

Fall 1: (Theodor G, Krankenbl.-Nr. 635'60) war ein 37jdhr.
Mann (Potator), der in suizidaler Ahsicht etwa 100 ml Essig-
essenz gettunken hatte, wovon allerdings ein Teil wahrschein-

- lich wieder hinausgewiirgt worden war. Er war wenige Minuten

spater kollabiert, dann in ein auswadrtiges Krankenhaus ein-
geliefert worden und hatte dort mehrmals im Schwall Blut
erbrochen. Die Harnmeuge der ersten 24 Stunden betrug nur
350 ml, wobei der Urin ,rotschwarz” gewesen sei, jedoch keine
Erythrozyten enthalten habe, was auf eine intravasale Hamo-
lyse bezogen wurde, ohne daf dies qenauer objektiviert worden
wire. Das Serum-Bilirubin betrug am 2. Tag lediglich 1,22 mg®’,
davon 0,64 mg%e indirektes Bilirubin. — Die Bohandlung erfolgte
anfangs mit i.v. Infusionen grofjer Mengen von Na HCO, sowie
mehreren Bluttransfusionen, worauf sich der Blutdrudk rasch
normalisierte. Wahrend der efsten 43 Stunden bestanden anfalls-
weise auflretende, krampfartige Schmerzen im Mittelleib. Vom
Nachimittag des 2. Tages an war der Patient anurisch, weswegen
die Verlegung zu uns erfolgte. Das Sernm-Bilirubin hatte sich
zu dieser Zeit (= 3. Tag) bereits normalisiert. Das Hamoglobin
betrug 90%, die Alkalireserve 63 Vol®'e CO,, das pH im veno-
sen Blut 7.46. — Das Kkiinische Bild war in den folyenden
Wochen von zweierlei beherrscht: 1. Von dem typischen Bild
eines schweren akuten Nierenversagens und 2. vou wochenlang
anhaltenden, vielfach hochgradigen Blutungen aus dem Maarnnu-
Darm-Kanal (Teer- und Blutstuhle, gelegentlich Bluterbrechent,
die nur mihsam beherrscht werden kKonnten. Die Anurie dauerte
insgesamt 14 Tage. Dicse renale Insuffizienz mit wicderholt
bedrohlighen Hyperkaliamien bzw. Rest-N-Steigerungen konnte
durch 2 Hamodialysen am 6. und 11. Tag stwie vine Peritoneal-
dialyse am 18. Tag aberwunden werden (weitere Emzelheiten:
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28). Der Urin enthiclt anfangs bis 8%, Eiweil nach Esbach
(1,2 g FiweiB'Tag maximal) sowic mehrmals vermehrt Erythro-
zyten, Leukozyten und granulierte Zylinder. Vom 22. Tage an
war eine Proteinurie nicht mehr nachweisbar. Die polyurische
Phase crreichte Ende der 4. Woche mit einer Tagesharnmenge
von 7,6 1 ihr Maximum und war im weiteren Verlauf kompli-
ziert durch eine kurzdauernde Parotitis, eine mehrwochige
Infektion der ableitenden Harnwege sowie der Genitalorgane
und eine schwere Thrombophlebitis am linken Unterschenkel.
Ende der 7. Woche war das Harnsediment o. B., Anfang der 10.
Woche die Blase zystoskopisch unauffallig, die Blauausscheidung
beiderseits normal, Nierenbecken bei retrograder Fiillung
regelrecht. In der 14, Woche ergab eine renale Clearance annd-
hernd normale Werte (C;, = 120 ml'min, Cpyy = 490 ml/min,
FEF = 24,5"%, Tmp,y = 47 mg’'min}, und die Nieren konzen-
trierten im Durstversuch bis zu einem spezifischen Gewicht von
1,026. — Von der 5. Woche an bestanden keine Teerstihle mehr,
von der 6. Woche an war auch okkultes Blut (Benzidinprobe)
nicht vorhanden. Bei einer rontgenologischen Untersuchung der
oberén Verdauungswege 10 Wochen nach der Intoxikation fan-
den sich Uberraschenderweise keine sicheren Hinweise auf
Strikturen oder sonstige Verdtzungsfolgen. Der Magensaft war
zu dieser Zeit bei fraktionierter Untersuchung nur leicht sub-
azide.

In der 13. Woche sprach die weitere Durchuntersuchung fiir
einen stdrkeren Leberparenchymschaden (VergroBerung um 2
QF; Galaktoseprobe —; Bromthalein-Test: Farbstoffretention
nach 15 min 54"%, nach 45 min 32%; Elektrophorese-Diagramm
des Serums: Gesamtprotein 7,6 g, davon 28 g”s Albumine,
0.2 g®'¢ a,-Globuline, 0,2 g% u.-Globuline, 08 g% f§-Glcbuline
und 3,6 g*'¢ -Globuline; Vitamin-K-Test ). Bei einer Kontrolle
7 Monate post intoxicalionem hatten sich die diesbeziiglichen
Befunde teilweise gebessert {Leber = 1 QF; Galaktoseprobe
+ +, Bromthalein-Test: 32°/%'15 min, 12%%/45 min.; Elektro-
phorese-Diagramm des Serums: Gesamtprotein 6,7 g%, davon
3,2 g" Albumine, 02 g% «,-Globuline, 0.7 ¢*'e «,-Globuline,
1,1 ¢*'¢ B-Globuline und 1,5 g" e v-Globuline}.

Fall 2: {Edith M, Krankenbl.-Nr. 338760} war cine 37jahr.
Frau, die im Laufe eines schizophrenen Schubes angeblich etwa
200 mt Essigessenz getrunken hatte, wovon ein Teil vermutlich
erbrochen wurde. Nach Behahdlung in mehreren
anderen Krankenhausern, wo sie Milch, Magnesia usta usw.
erhalten hatte und mehrmals koilabierte, war sie wegen Teer-
stithlen und ciner zunchmenden Oligurie bzw. Anurie erst am
3. Tag in unsere Khinik gekommen, Trotzdem konnte im Urin
spektrophotometrisch  noch reichlich Hameglobin nadh-
gewiesen werden, wahtend das Serum-pH sowie die Alkali-
reserve jmn venosen Blut im wesentlichen dem Grad der Urdmie
enteprachen (Eirzelheiten: 28). Das Urin-ptl betrug zu Beginn
7.0, die Titrationsaziditat 2,5 mLq l. Die Leukozyten lagen bei
taglicher Kontrolle zwischen 25 300 und 31 600 ' mm?, die Thrombo-
zyten witrend der ganzen Leobachtungszeit im Normbereich.
Der Katheter-Urin enthielt massenhaft Erythrozyten.

einer

sehr

Der letale Verlauf® des Prozesses konnte bei der Patientin,
die anurisch blieh, durch eine am 6. Tage vorgenommene Hamo-
dialyse, die blutdicnisch einen ausreichenden Lffekt hatte, nicht
mehr aufgehalten werden, Sie kam wenige Stunden spater in
einem schwersten psychotischen  Errequngszustand am Kreis-
laufversagen ad exitum. Autoptisci® fanden sich neben einer
horhqgradiqen, verschorfenden
hdmorthagisdhen Entzundung der oberen Verdauungswege eine
schwere hamoglobinurische Nephrose mit nuq;trdbhnten Nekro-

bis ins Iodeanm  reichenden

* Herrn: Prof. Dr. K. Lennert danken wir fur e freundliche

Uberlassung der Obduktionsherichite iber die Falle 2, 3 und 6
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biosen der Tubulusepithelien. Die histologische Untersuchung
ergab dariiber hinaus eine nur geringgradige feintropfige Ver.
fettung der Leberzellen.

Der 3. Fall (= Fall 3 von 28) war eine relativ frithzeitiq
aufgenommene Essigessenz-Intoxikation, deren klinisches
Bild, abgesehen von der intravasalen Hamolyse, von einer
hochgradigen Azidose beherrscht war,

Es handelte sich um einen 29jéhr. Mann (Franz Sch., 3976/61),
der in suizidaler Absicht etwa 75 ml Essigessenz eingenominen
hatte. Die Klinikaufnahme erfolgte 3 Stunden spdter, nachdem
er zu Hause noch Milch erhalten und auf dem Transport wieder-
holt blutig erbrochen hatte. Der Blutdruck betrug zu Beginn
180/160 (!) mm Hg, sank jedoch nach etwa /2 Stunde auf fast
nicht meBbare Werte ab, die auf hohe Arterenol-Dosen kaum
ansprachen. Das Serum-Hamoglobin belief sich auf 1624 mg",
(Normalwerte: 3—5 mg®), wobei spektrophotometrisch die
beiden fir Oxy-Himoglobin charakteristischen Absorptions.
banden gefunden wurden. Eine ganz am Anfang vorgenommene
Gerinnungsanalyse ergab eine Verminderung des Prothrombin-
Komplexes mit erheblicher Hypofibrinogenamie und Thrombo.
zytopenie (28). Das pH im vendsen Blut war zu dieser Zeit ayf
7,11, die Alkalireserve auf 24 Vol% CO, abgefallen. Beide
Werte sanken trotz 50 g Na HCO, i.v. und peroraler Gabe von

‘Milch, Eiereiwei und Magnesia usta auf 7,05 bzw. 19 Vol®,

ab, und der Patient verstarb 10 Stunden post intoxicationem
unter den Zeichen der schwersten Azidose. Autoptisch reichten
die Veritzungsfolgen am Intestinaltrakt bis ins Jejunum,
Darilber hinaus bestand eine ausgeprdgte hamoglobinurische
Nephrose sowie eine allgemeine hdmorrhagische Diathese (Ein-
zelheiten bei 28).

2 weitere Fille (1'=a11 4 und 5) von Essigessenz-Intoxi-
kation, die ebenfalls in suizidaler Absicht erfolgten, ver-
liefen leicht und komplikationslos. Sie zeigten lediglich
értliche Veratzungsfolgen, jedoch keine wesentlichen All-
gemeinerscheinungen, insbesondere keine klinisch faB-

~ baren Hinweise auf eine zumindest stdrkere Hidmolyse,

Fall 4: (Hans A., Krankenbl.-Nr. 3229/61) war ein 51jdhr.
Mann mit einer endogenen Depression, der wenige Stunden
nach der Einnahme einer unbekannten Menge von Essigessenz
in unsern Klinik kam. Der Blutdruck war zu Beginn auf 9060
mm Hg abgesunken, stieg aber unter iv. Applikation von

. NalICO, und Serumkonserven rasch auf normale’ Werte an. In

Mundhohle, Pharynx und, soweit einsehbar, auch Usophagus
waren oberflachliche Verdtzungsfolgen nachweisbar, dic rasch
abheiiten. Die Leukozyten betrugen maximal 20 300.mm® Die

Temperatur erreichte nur am 2. Tage 37%,7° C. Komplikationen '

von seiten der Nieren wurden nicht beobadhtet.

Fall 5: (Anna R, Krankenbl.-Nr. 4045/60) war eine 44jahr.
Frau mit einer endogenen Depression, die nur wenige Schluck
Essigessenz getrunken hatte. Sie hatte unmittelbar darauf reich-
lich Milch erhalten und war '/» Tag spiater auf Umwegen 2u
uns gekommen. Kollapserscheinungen lieBen sich auch ana-
mnestisch nicht objektivieren, die Veratzungsfolgen am Rachen
waren schr diskret. Die Leukozyten erreichten maximal 13250
mm?, die Temperaturen in den ersten Tagen 37,9°C. Rest-N
und Serum-Bilirubin blieben normal. Komplikationen traten
nicht auf. )

Im letzten Fall handelte es sich wiederum um eine
schwere Essigsdure-Intoxikation, die- nach
gewonnenen Erfahrungen bereits im Frihstadium beson-
ders intensiv hehandelt wurde. Eine akute Niereninsuffi-

zienz blieb trotz schwerster Hamolyse aus, jedoch ver:

ﬁarb der Patient mehrere Tage spater im Herz- und Kreie
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- Dieser 6. Fa'll (Adalbert E., Krankenbl-Nr. 1349/62) war
" ein 40jahr. Mann mit einer vor lingerer Zeit erworbenen Blind-
% pheit, der in suizidaler Absicht 2 Tassen Essigessenz getrunken

' hatte. Ein unbekannter Teil davon wurde erbrochen und mog-
, .. licherweise auch aspiriert. Der Patient wurde knapp 2 Stunden

—
spater in die hiesige HNO-Klinik eingeliefert, wo eine Tracheo-
tomie durchgefiihrt und zundchst 500 ml 5%ige Na HCO,-Lésung
iv. infundiert wurden. Nach einer weiteren Stunde kam der Pat.
- ! zu uns, wo die Erkrankung anfangs den in Abb. 1 dargesteilten
*  Verlauf nahm. Aus dieser Abbildung ergeben sich gleichzeitig
v dic wichtigsten, wéhrend des 1. Stadiums des Prozesses erho-
?’ benen Befunde. Das Serum-Hamoglobin betrug zu Beginn 1900
-~ i~ mg%e, das pH im arteriellen Blut 7,30, das Urin-pH 6,45. Der
v anfanglich erheblich vertieften Atmung folgte nach Applikation
;- yon insgesamt 85 g Na HCO, i.v. eine apnoische Phase, die
'_j eine voriibergehende Poliomat-Beatmung erforderte. Unter reich-
— iV licher i.v. Infusion von Livulose anstelle von Na HCO, schied
f der Patient laufend Urin aus, der von vornherein mit einem
t. Dauer-Katheter aufgefangen wurde. Einer erneuten vertieften
, Atrung schloB sich nach iv. Infusion von 7,5 g Na HCO; eine
— , passagere Cheyne-Stokes'sche Atmung an, worauf das Natrium-
! bicarbonat wieder durch Livulose iv. ersetzt wurde. Eine 13

Stunden post intoxicationem erstmals aufgetretene schwere
Hamoptoe fiihrte zu cinem bedrohlichen Blutdruckabfall, der
jedodh durch Volumenauffiilung und sonstige therapeutische
MaBnahmen (vgl. Abb. 1) rasch aufgefangen werden konnte.
Das-pH im arteriellen Blut hatte sich zu dieser Zeit normalisiert
(7.40).

Das Verhalten von Prothrombin-Komplex {Prothrombin, Fak-
tor V/VI und -VII) und Thrombelastogramm (TEG} in dieser
iitialen Phase der Erkrankung ergibt sich aus Abb. 2. Sie

.
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in den ersten Stunden mehr oder weniger crheblich abtielen, .
wobei das Acceleratop-Globulin ca, 5 Stunden post intoxicatio- &35)
nem 1nit 5% cinen exzessiv nicdsigen Wert erreichte, um sich

im weiteren Verlauf zundadhst rasch zu normalisieren. Besonders
bemerkenswert war das Verhalten des TEG, das wahrend der

1. Phase des Prozesses bis zu seiner Normalisiering laufend
registriert wurde (Abb. 3). Ein wesentliches Absinken der Blut-

pliattchen konnte niciit beobarhtet werden.

Abb. 1 zeigt, daB der Urin 4 Stunden nach der Vergiftung
ausschlieBlich Oxy-Hamoglobm, dagegen Fen Met-1limoglonin
enthiclt. Von da ab findet sich ein praktisch linearer Ansticg
der Met-tHamoglobin-Konzentration b geqensdtzlichem Veriauf
des Uringehaltes an Oxy-Hdmoglobin®,

A}

Nach Uberwindung des akuten Stadiums bheb der Kreislauf
in den folgenden Tagen unter einer der Ausschendung angepaB-
ten Flissigkeitseintuhr ausgeglichen. Das varuhergehend abge-
fallene Scrum-Kalium {vgl. Abb. 1) kounte durch entsprechende
Substitution bald wieder normalisiert werden. Die Leukozyien
erreichten in den heiden ersten Tagen maximal 273000 mm?,
die Temperatur schwankte in den crsten 4 Tagen um 33° C
rektal. Dus Scrum-Bilirubin stieg am 2. Tage auf 2.9 me” u. Der
Fermentgehalt des Serums ergab zur aqierhen Zeit folgende
Werte: LDH 1095 1. U, GOT == 300 LU, GPT .- 219 L U, alka-
lische Phosphatase = 85 L U. Die Laktatdehydrogenase (LDH)
fiel nach weiteren 2 Tagen auf 758 L U. ab. Dur Rest-N blieb
wahrend der ganzen Zeit im Normbereich. Der Urin enthielt,
nach einer anfanglichen leichten Proteinurie, nach 3 Tagen kein
Eiweil mehr, jedoch gelegentlich granulierle Zylinder sowie
einzelne Eryth‘rozy\ten.

e ey

* Herrn Doz. Dr. B. Hess sei fir die betreffenden Bestim-

-
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Abb. 1: Verlauf eines Falles von schwerer Essigsiure-Intox

"' 1iBt erkennen, daB die Faktoren des Prothrombin-Komplexes  mungen (Cyan-Methodc) auch an dieser Stelle herzlich gedankt.
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ikation bei einem -40jahr. Mann in den ersten 17 Stunden. Die

Zahlen unter den Sdulen, die die Harnmengen angeben, bedeuten das pH des Urins, Weitere Erlauterung siche Text
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* Fine rontgenologische Untersuchung des Thorax 12 Stunden Hb 20 i
ante exitum ergab teilweise konfluierte bronchopneumonische 4100m\1 . _-5
Herde in beiden Unterfeldern sowie im linken Mittelfeld. Trotz Wy :
einer von vornherein durchgefihrten intensiven antibiotischen . :
Behandlung (Chloramphenicol) entwickelten sich zu dieser Zeit '
plétzlich hyperpyretische Temperaturen, die sich therapeutisch Met- 1.001
nicht mehr beeinflussen liefen, so daB der Patient am 5. Tag Hb %
nach der Intoxikation im Herz- und Kreislautversagen ad exitum .
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"a . Abb. 4: Gehalt des Urins an Oxy-Hiamoglobin = Hb) und ¢
Met-Himoglobin (= Met-Hb) in den ersten anderthalb Tagen +
o N nach peroraler Einnahme von 2 Tassen Essigessenz bei einem
& B e st 40jahr. Mann., Weitere Erklarung siehe Text
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Abb. 2: Verhalten von Thrombelastogramm (TEG) und Pro-

. thrombin-Komplex (PTB ‘= Prothrombin, F. VII = Faktor VI
F. V/VI = Faktor V/VI) bei einem Fall von schwerer Essigsdure-
Intoxikation in der initialen Phase der Erkrankung. Weitere
’ Erklarung siehe. Text )
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Abb. 3: Verhalten des Thrombelastogramms 4 -39 Stunden
nach peroraler Einnahme von 2 Tassen Essigessenz bei einem -
40jahr. Mann

Autoptisch fanden sich hochgradige, bis zum Antrum ventri- .

. culi reichende Schleimhautveratzungen sowie eine schwere
’ pseudomembrandse nekrotisierende Entziindung des Larynx, der
Trachea und der Bronchien beiderseits, ferner ausgedehnte Pan-
kreasfettgewebsnekrosen und eine starke, vorwiegend azino-
zentrale, stellenweise aber auch diffuse, mittel- bis groftropfige
Leberzellverfettung mit kleinherdigen Leberzellnekrosen. AuBer-

dem bestanden multiple, teils flede-, teils punktformige Biutungen

" in der Pleura visceralis beiderseits, ein rechtsseitiger hdmor-

. thagischer PleuraerguB {300 ml) und fleckformige subendokar-

- +/ diale Blutungen in der Aus{lubbahn der rechten Herzkammer.
" Die histologische Untersudiung der Nieren zeigte eine gering-
v, gradige hamoglobinurische Nephrose gowie eina diffuse fein-.
" troplige Verfettung det Harnkandldienepithellen. - .

Aus der Schilderung'dieser 6 Patient'én mit Essigessenz-

"'lntoxikation, die in den letzten 3 Jahren an unserer Klinik

beobachtet wurden, ergibt sich die ganze symptomato-
logische Skala dieses Krankheitsbildes. Die leichten
Fille (= Fall 4 und 5) werden beherrscht von den

-lokalen Veritzungsfolgen, ohne daB es dabei, wenn tber-

haupt, zu einer wesentlichen intravasalen Hamolyse
kommt. Die betreffenden Schleimhautlisionen heilen rela-
tiv schnell ab und hinterlassen, soweit sidy nach den
vorliegenden Beobachtungen beurteilen 1dft, keine blei-
benden Residuen. Bei den schweren Vergiftun-

-gen findet sich dariber hinaus einerseits eine mehr ode:

weniger ausgeprégte Azidose (Fall 3 und 6), andererseil:
eine unter Umstinden hodgradige Hamolyse {Fall 2, 3 u.
6). Auf letztere wurde bereits von verschiedenen Seiten
(18, 22, 25, 26, 33/34, 40, 42, 50 53, 55, 58, 59, 61, 62} hin-
gewiesen, wihrend die Azidose von klinischer Seite nur
vereinzelt (19, 58) erwéhnt wird. Im Initialstadiam <<
Prozesses besteht auBerdem, in Ubereinstimmung mit ver-
schiedenen Autoren (6, 22, 34, 40, 48, 50, 64), ein mehr
oder weniger hochgradiger Schodk {Fall 1--3). Das weitere
klinische Bild wird, sofern es nicht gelingt, die azidotisc:2
Stoffwechsellage und/oder den Schodk therapeutisch rechi-
zeitig zu beeinflussen, bestimmt von dem iypischen Bilc:
eines akuten Nierenversagens (Fall 1 und 2}, dessen Pro-
blematik bereits andernorts besprochen wurde (25).-.

... Die Pathogenese von Schodk, Azilose und Himeolys®
nach peroraler Einnahme von Essigessenz ist zweifellc-

ein recht komplexes Problem, aut das- hier nur in groden ;
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Ziigen eingegangen wird, da die weitere Kldrung durc: :

tierexperimentelle Untersuchungen {8) erfolgen soll. iL:
ist, in Anlehnung an Untersuchungen von Schibkow
(52), anzunchmen, daB bercits die unmittelbare
Atzwirkung der Essigessenz auf die Schloimhduis

dar Mundhonle sowie des obores inresiinaltra’ites zu

einem Blutdruckabfall fihren kann, der darch das
gelegentlica sehr fvthzeitig cinsetzon s Dluterbrechen, auf
das schon Gerhartz (16), Hitzig (?2), Kédrber 24
Romeik ({8jund Schaffer (£9) auimerksam machter
noch gkzentuiert wird, Zumindest in einem Teil Ger Fab
dncften divse Faktoren jedech nicht avsreichen, um d
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‘Abb. 5: Schemalische Darstellung der mdglichen pathogene-

“ tischen Wege, auf denen die Azidose bei der Essigsaure-Intoxi-
fkahon zu einem akuten Nierenversagen fithren kann. Weitere
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weitere Entwici:lung nadnhhltig g Sesti;nmen. Das
wesentlichste pathogenetische Prinzip ist dann die mehr
oder weniger ausgeprdgte Azidose, von der man sich

vorstellen kann, da8 sie auf verschiedene Weise zu einem

akuten Nxerenversagen fithrt (Abb. 5);: Die eine
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Erlauterung siehe Text

" ‘Méglichkeit ist die-direkte Auslosung oder auch Aggra-
. vation eines Schocks mit konsekutiver Entwicklung von

Schocknieren, Da jedoch nach tierexperimentellen Unter-
suchungen von Meesmann et al. (37) eine Sduerung
alleih, d.h. ohne wesentliche gleichzeitige himodynami-

- sche Riickwirkungen, ebenfalls ein Versagen der Nieren-
. funktion zur Folge haben kann, ist auch ein solcher Mecha-

nismus beim Zustandekommen der Anurie bzw. Oligurie

. zu diskutieren. SchlieBlich bliebe noch die Maoglichkeit,

daB eine schwere Azidose in Verbindung mit einer intra-
vasalen Hamolyse zum Auftreten von Chromoproteid-
nieren fithrt. Voraussetzung fir das Wirksamwerden
einer derartigen pathogenetischen Kette scheint nach den
experimentellen Arbeiten von Bing (2) und anderen
{weitere Literatur: 47) allerdings die gleichzeitige Ent-
stehung von Met-Himoglobin zu sein, es sei denn,
dag sich die intravasale Hamolyse mit einem Schock kom-
biniert und auf diese Weise zur Ausbildung einer Héamo-
lyseniere AnlaB gibt. Dieser Mechanismus, auf den wir
kiirzlich besonders hingewiesen hatten (28), zeigt, daB das
Zusammentreffen der verschiedenen, hier erdrterten
pathogenetischen Faktoren die Regel sein diirfte, wobei
die Abgrenzung der einzelnen Teilkomponenten im Einzel-
fall wahrscheinlich kaum mdoglich ist.

Die im Initialstadium der schweren Essigsdure-Intoxi-
kation auftretende Azidose spielt vermutlich auch beim
Zustandekommen der Hamolyse eine wesentliche Rolle.
Als ursichlicher Faktor ist in diesem Zusammenhang
jedoch auch die Lipophilie.der Essigsdure in Betracht zu
ziehen, chne dab sich ihr Anteil an der Pathogenese des
hamolytischen Syndroms auf Grund der hier mitgeteilten
Erfahrungen am Menschen genauer prazisieren lieBe. Das
Gleiche gilt letzten Endes auch fiir die Ursache der Azi-
dose, worauf erst im Rahmen experimenteiler Unter-
sucungen nadher eingegangen werden soll.
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Unsere kiirzliche Feststellung, daB es im Rahmen des hamo-
lytischen Prozesses bei der Essigsdure-Intoxikation zum Auf-
trelen von Oxy- und nicht von Met-Hdimoglobin komme (28},
bedarf nach den jetzt vorliegenden Befunden einer Korrektur
bzw. besser gesagt einer Ergdnzung. Diese Behauptung, die im
Gegensatz zu den Angaben von Kdrber (24),' Kogler (26)‘
sowie Strzyzowski und Nicod (59) zu stehen schien,
beruhte auf .den spektrophotometrischen Untersuchungen an
unserem 3. Fall und resultierte, wie die Ergebnisse des 6. Falles:
(Abb. 4) zeigen, seinerzeit offenbar daraus, daB im 3. Fall nur
das Anfangsstadium des Geschehens erfaBt wurde. Abb, 4 148t
ndmlich erkennen, daB sich das in der initialen Phase der
Intoxikation tatsdchlich ausschlieBlich vorhandene Oxy-Hdmo-
globin im weiteren Verlauf mehr und mehr in Met-Hamoglobin
umwandelt, so daB der Urin etwa 14 Stunden nach Beginn der
Erkrankung praktisch nur noch Met-Hamoglobin enthalt. Auf
diese Weise erkldren sich wahrscheinlich die in der Literatur
enthaltenen diesbeziiglichen Widerspriiche: In den Fillen, in
denen man nur Oxy-Hamoglobin fand (20, 50, 55), wurden
offenbar lediglich die frithen Stadien der Intoxikation, in jenen
Féllen, bei denen Met-Hamoglobin nachweisbar war (24, 26, 59),
anscheinond vorwiegend die spateren Phasen erfaBt. Es er-
scheint damit jedenfalls sicher, daB es sich bei der Essigessenz
nicht um einen primaren Met-Hémoglobin-Bildner handelt, son-
dern daB dieses Oxydationsprodukt des Hamoglobins bei der
Essigsdure-Intoxikation erst allméhlich auf Grund biologischer
Reaktionsabldufe in Erscheinung tritt.

Von besonderem Interesse ist ferner die bei der schwe-
ren Essigsiure-Vergiftung zu beobachtende allgemeine
himorrhagische Diathese, auf die wir an Hand des 3. Fal-
les bereits andernorts {28) kurz hingewiesen hatten.

Dieser Fall zéigte unmittelbar vor Einsetzen des Blutdruck-
abfalles auller einer Abnahme des Prothrombin-Komplexes
(Prothrombin, Faktor V/VI und VII) eine erhebliche Hypofibri-
nogendmie mit Thrombozytopenie. Das Verhalten von Blut-
pldttchen, Thrombelastogramm (Abb. 2 und 3) und Prothrombin-
Komplex (Abb. 2) in den ersten anderthalb Tagen der Vergif-
tung konnte nunmehr in einem weiteren Fall (= Fall 6) kon-
tinuierlich -verfolgt werden. Hierbei waren in den ersten 10
Stunden post intoxicationem die Faktoren des Prothrombin-
Komplexes, insbesondere das Accelerator-Globulin (Faktor
V/V1), stark vermindert, wahrend die Thrombozyten anndhernd
im Normbereich blieben. Der Faktor V hatte sich nach 18 Stun-
den =zunichst véllig normalisiert, sank aber nach weiteren
21 Stunden erneut auf 55% ab. Eine Normalisierung von Pro-
thrombin und Faktor VII konnte wiahrend dieses Zeitraumes
nicht beobachtet werden. Die TEG-Kurven waren zu Beginn der
Intoxikation stark verschmailert. Wenige Stunden spater hatte
die maximale Amplitude des TEG normale Werte erreicht, um
nach 16 Stunden allerdings nochmals abzunehmen. Die anfdng-
lich verldngerte Gerinnungszeit war schon 4 Stunden nach
Therapiebeginn endgiiltig normalisiert.

Eine Deutung dieser Befunde ist noch nicht
moglich. Durch entsprechende Pufferung unserer Gerin-
nungsansitze ist es ausgeschlossen, daf methodische
Fehler  auf Grund der Sduerung diese Werte entstchen
lieBen. Einc Kldarung wird zur Zeit von Lasch und Mit-
arb. herbeigefiithrt. Nach unseren Erfahrungen kann schon
jetzt gesagt werden, daB diesen Gerinnungsverdnderun-
gen bei der Beurteilung der Schwere der Intoxikation
eine wesentliche Bedeutung zukommt.

Die hier diskutierten Anderungen des Gerin-
nungspotentials betreffen allerdings nur die ini-
tiale Phase des Prozesses. In spdteren Stadien auftretende
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Verminderungen des Prothrombin-Komplexes, wie sie in
Fall 1 sowie andeutungsweise auch in Fall 6 beobadhtet
wurden, dirften auf der im Laufe der Intoxikation bei
geniigend langer Uberlebensdauer sich entwidkelnden
mehr oder weniger sciweren Leberschadigung beruhen.
Eine solche zusatzliche Organlasion, auf die bereits meh-
rere Autoren hingewiesen haben (17—19, 35, 39—41), lieB
sich — bei Berucksichtigung der Ergebnisse von Ger-
lach et al. (18) — im 6. Fall durch den auffallend kleinen
LDIL GOT-Quotienten bereits intra vitam wahrscheinlich
machen und pathologisch-anatomisch bestitigen. Im glei-
chen Sinne sprechen die klinischen Daten des 1. Falles,
wenngleich hier wegen des chronischen Potateriums ein
praexistenter Leberparenchymschaden angenomimnen wer-
den mub. Immerhin fallt auf, daB bei diesem Patienten
wihrend der mehrmonatigen Beobachtung die Lebergrofe
zuriickging und die Leberfunktionsproben, vor allem der
Bromthalein-Test, teilweise eine deutliche Tendenz zur
Besserung zeigten. Die Ursache des Zustandekommens
eines Leberzelischadens bei Fallen von Essigsdure-Intoxi-
kation, die mindestens mehrere Tage am Leben bleiben,
wird allerdings weiteren Untersuchungen vorbehalten
bleiben miissen. T o ’

Die Frage nach einer addguaten Behandlung der Essig-
siure-Vergiftung. war von uns (28) bislang im wesent-
lichen nur im Hinblik auf das stets drohende akute
Nierenversagen erortert worden, An Hand des 3. Falles
war jedoch bereits darauf hingewiesen worden, daB die
bei schweren Intoxikationen unter Umstinden rasch ein-
setzende, hochgradige Azidose mit allen ihren Konse-
quenzen besondere therapeutische MaBnahmen erfordert.
Ihr oberstes Ziel wird sein, den durch Schock, Azidose
und Hamolyse ausgeldsten Circulus vitiosus so friih wie
moglich zu durchbrechen, um damit nicht zuletzt die Ent-
wicklung einer Niereninsuffizienz zu vermeiden. Auf
- Grund der inzwischen gewonnenen Erfahrungen konnte

dies-in dem letzten von uns beobadhteten Fall erreicht

werden (Abb. 1). Ausgehend von den in den voraus-
gegangenen Betrachtungen angestellten Uberlegungen
~ (vgl. Abb. J) scheint vor allem eine maximal dosierte
intravenése Applikation von Natriumbicarbonat von ent-
scheidender Bedeutung zu sein. Der genannte Fall lehrt

im iibrigen, daB die Therapie ¢ine laufende Kontrolle der
Atmung erfordert. Eine sofort vorgenommene Tracheo-

tomie mit der Moglichkeit einer kiinstlichen Beatmung

stellt deshalb eine Conditio sine qua non dar. Bei Atem-
stdrungen (vgl. Abb. 1) empfiehlt sich, die erwdhnte

Alkalisierung voriibergehend abzubrechen. In diesem

Fall ist die Fortsetzung der Infusionsbehandlung mit mehr,

oder weniger hochprozentiger Lavulose solange dringend:

angezeigt, als die sorgfaltig iiberwachte Diurese eine
solche Fliissigkeitszufuhr erlaubt. Auf diese Weise konn-
ten im hier diskutierten 6, Fall trotz erheblicher Hdmo-
globinurie die kritischen ersten 24 Stunden iberwunden
werden. Andermnialls gelten selbstverstindlich die Regeln
fir die Therapie des akuten Nierenversagens. LaBt sich

trotz allem ein Schodk nicht vermeiden, so wird man u. a,

daran denken missen, daf bei azidotischer Stoffwechseld

lage in einem gewissen Bereich eine verminderte An-
sprechbarkeit der Arteriolen auf Angiotensin Lesteht, so
~daB man gegebenenfails auf einen Arterencl-Davertfopf

zurfickgreifen mub (36). T I
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Insgesamt empfiehlt sich also nach den hier vorliegen-
den Erfahrungen fir die schwere Essigsdure-Intoxikatiop
das folgende’ therapeutische Vorgehen:

1. Innerhalb der ersten 10—15 Minuten: Magenspiilung
und anschlieBend Mg (OH), (38); sonst bzw. danach:

2. Tracheotomie; gleichzeitig bzw. moglichst umgeheng:

3. 5SPiiges Natriumbicarbonat i.v. (unter laufender
Kontrolle der Atemtiefe); gegebenenfalls (vgl. oben):

4. 5%ige Lavulose i.v. (je nach Diurese, die sorgfiltig
iiberwacht werden muB). Bei Absinken der Harnmenge
entweder erneut Na HCO; i.v. odér 40%ige Lavulose iv,
{osmotische Diurese);

5. Bei schon bestehendem Schock zusdtzlich die tbliche
Schocktherapie (Hypertensin- oder Arterenol-Dauertropf,
vgl. oben}; o :

6. Bei Abnahme der Harnausscheidung die allgemein
giiltigen Regeln der Behandlung des akuten Nierenver-.
sagens. )

Das weitere Schicksal des Patienten wird, wie der 6. Fall -
zeigt, natiirlich nicht zuletzt von dem Ausmaf der
Verdatzungen bestimmt. Es wird auBerdem weiterer
Erfahrungen bedirfen, um zu entscheiden, ob das bei der
Essigsdure-Vergiftung stets drohende akute Nierenver-
sagen durch das hier skizzierte Vorgehen wenigstens in
der Mehrzahl der Falle verhindert werden kann, :

Alles in allem scheint die Kenntnis dieser Intoxikation
und ihrer Behandlungsmoglichkeiten zunehmendes Inter-
esse zu beanspruchen; da sie neuerdings offenbar haufiger
vorkemmt, als man auf Grund der relativ sparlichen Lite-
raturangaben annehmen sollte. :

"

Zusammenfassung

an

Es wird iiber 'msgkesamt 6 Falle von Intoxikation nach

- peroraler Einnahme von Essigessenz berichtet, von denen

2 leicht und komplikationslos, 4 dagegen ausgesprocaen
schwer verliefen. Von letzteren zeigten 2 das typische
Bild eines akuten Nierenversagens, wobei 1 mit Hilfe
der extrakorporalen Hamodialyse bzw. einer Peritopeal-
dialyse yerettet werden konnte. Ein weiterer Patient ver-
starb inperhalb von 10 Stunden unter .dem Bild einer
schwersten Azidose und Hiamolyse im Schodk, wihrend
im letzten Fall unter adadquater Therapie eine Nieren-
insuffizienz trotz ausgepragter Azidose und Hamolyse
verhindert werden konnte.

Das Kklinische Bild der Erkrankung wird unter besen-
derer Beriiksichtigung der Pathogenese von Azidose,
Himolyse und gegebenenfalls Schodk sowie deren mdg-
lichen Konsequenzen {akutes Nierenversagen) eingehend
besprochen. Hieraus resultieren die fiir die Behandlung
der initialen Phase der Essigsdure-Tutoxikation sinnvollen
therapeutischen MafBnahmen, durch die sich, wie die
Erfahrung lehrt, die Entwidklung eines akuten Nieren-
versagens untervastéinden verhindern laft.
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This investigation was initinted with the purpose of studying
the offect of acetic acid on certain microorganisms related to food
spoilage with the hope of sccuring results of practical value.
The main reasons for the use of acetic acid as a food prescrvative
are its toxicity value, commercial availability, and low cost.

The toxic cfiect on microorganisms of an increased hydrogen-
jon conceniration in the substrate is well cstablished.  Acetic
acid and certain other organic acids appear to have a toxicity
in excess of that which could poszibly be due to the pH_alonc'.

‘he consensus of authorities scems to favor the theory that it is
the undissociated molecule which is toxic. Kahlenberg and
True (1896) found that the undizsociated acetic acid molecule
was toxic. Winslow and Lockridge (1906) found that acctic
and benzoie acids were fatal to typhoid and colon bacilli at a
strength at which these acids were but slightly dissociated.  Well
and Shunk (1921) concluded that the lLydrogen-ions alone were
not responsible for the toxicity of acetic acid. Bach (1932) states
that at an interval where the plI has no importance, the undis-
sociated part of the lnetic acid is the active factor, although gen-
erally the hydrogen-ions control the antiseptic ¢ffect.  Inanother
paper (1932a) the same investigator sugeested that the antiseptic
action of formie, ueetic, propionic, and butvric acids was con-
nected with their influence on surlace tension. Foster (1920)
also contributed to the idea that the toxic cffect was due to the

1 Contribution No. 252, Massachusetts Agricultural i‘]xpcrimcutlSmtiun.
Presented at the Third International Congress for Microbiology, New York City,
September 5, 1039.
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whole molecule rather than to hydrogen-ions alone. Kirby
Frey, and Atkin (1935, 1936) found that. acetic acid, either chemi-’
cudly pure or as vinegar, had a marked influence on the growth
of bread molds, particularly Aspergillus niger. These investi-
gators observed that at the same pH, greater inhibition was
obtained with an increasing concentration of acetic acid, Col-
!ctt (1919, 1921) stated that, although the hydrogen-ions are
umportant in solutions of equal pI, butyric and acetic acids were
more {oxic than hydrochlorie and other strong acids.  Tekelen-
berg (1927) demonstrated that the alkali salts alone of several
organic acidx had no marked bactericidal effect. Cohen and
Clurk (1919) concluded that the limiting pI is a zone rather than
2 vulue and the chief effect of reaction in growth rate studies
seems to be confined to the extremes. They suggest that the
toxic action of acetic acid may be due to the free acetate radieal
(:-.\'crt_in;; a synergie cffect on the disinfecting power of the hydro-
goen ion,

Nolthoff (1925) stated that the growth of bacteria in cultures
1 halted not, by the hydrogen-ions, but by the formation of undis-
sociated acids.  Bach (1922) has stated that gencrally the hydro-
gen-ions control the untiseptic cfiect but thut the undigsociated
part of luctic acid is the active factor when the pII value is such
as to be unimportant.

EXPERIMENTAL

The studies in this paper include: (1) A determination of the
concentrations of acetic acid in broth media which will destroy
and inhibit the growth of the test organisms during the incuba-
tion period; (2) An investigation of the effect of acetic acid on
the thermal death points of the test organisms; and (3) A com-
parizou of acetie, lactie, and hydrochlorie acids as to their inhibi-
,tor};‘ and tgxic properties on a typical yeast, mold, and bacterium.
Hydrogen-ion aetivities as well as total titratable acidity are
-considered in these experiments.

INDEX ORGANISMS

The test microorpanisms used in this investigation were: ‘Sal-
monclla acrtrycle, Staphylococeus aureus, Phylomonas phascolt,

‘;‘ ‘. . ) i : -

)
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 Basillus cereus, Bacillus mesentericus; Saccharomyces cereviscae

Lister; and Aspergillus niger.

; " METHODS

'

Inhibiting and lethal concentrations of acetic acid were deter-
mined by a somewhat modified phenol-coefficient technie whereby
known quantities of acid and medium were mixed in a scries of
test tubes, inoculated and incubated at suitable {emperatures.
The comparative effects of acetie, lactic, and hydrochlorie acids
on the total destruction and reduction of numhers of bacteria
and yeast were delermined by a 15-minute contact of the test
organizm in an acid golution followed by a standard quantitative
plating on nutrient agar for the bacteria and on glucoge agar for
the yeast. The mold was cultivated in flasks of glucose broth
and after the incubation period the mat was ecarcfully washed,
dried and weighed. Thermal death points were studied in test
tubes in media whose hydrogen-ion concentrations were adjusted
by aecctic acid.  Suspensions of spore-forming hacteria contained
spores as well as vegetative cells.  Inoculations of all suspensions
were made by means of a standard four-millimeter loop.

RESULTS

Table 1 summarizes the data obtained in determining con-
centrations of acetic acid which inhibited growth-and those that
were lethal to the organisms in tubes of broth. The growth of
Salmonella aertrycle in nutricnt broth, containing acctic -acid,
was inhibited at pH 4.9 but the organism was still viable. At
pH 4.5 this organism was destroyed. Aspergillus niger was
slightly less resistant to the action of acetic acid than was the
veast. Both yeast and mold were markedly more resistant to
‘the acid than were any of the bacteria studied. Where the
inhibiting and lethal acidities were the same, slight differences
might have been shown had the pH increments heen smaller.

- Thermal death point studies

Thermal death point studies on microorganizms arc-of con-

siderabie value, especially to the canner in determining processing -
liees and temperatures for the preservation of various food

- .
. . N
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products. The addition of g
in reducing the time or tempers,
product commereja]) Y. Table 2ig
when the PH of the broth
effect of an geid reaction in

esentericus. The g
¢tic acid to the medium dj
death points of the yeast or mold,

AcIDITY
—— —_—

Der cent
Salmonella aerirycke.. .., ... 4.9 ©0.04 4.5 0.09
Stavhylecocesys aureus. ., ., . . 5.0 0.03 4.9 0.04
Phytomonas phascoli ... 5.2 - 0.02 5.2 0.02
Bacillys cereus.... .o, 4.9 0.04 4.9 0.04
Bacillus mesentericus. ., 4.9 0.04 4.9 0.04
Sacrlzaromyccs cereviseae. . . . 3.9 ’ 0.59 3.9 0.59
Aspergillys niger..... ... ... 4.1 0.2 3.9

1 o . 0.59
&\ME\\.
*The pH at which no visible growth occurred yet th

¢ microorganism re..
meined vighle, . )
t The plI at which tota] destruction took place.

Comparison, of acetic, lactic, an

To determine whether the degree
'as due to the hydrogen-jon activity
nature of {he acid, or to some factor peculinr to acetic acid,
experiments were conducted to compare the effects of acetie,
lactie, and hydrochlorie acids, Salmonelly aertrycle, Saccharo-
MUCCS cercriseqe Lister, ang Aspergillys ner were ysed., The
results with Salmonellg acrirycke are shown In table 3. This
Organism was inhibited in broth at pII 4.9 and killed in broth
at pll 4.5 containing 0.04 and 0.08 per cent acetic acid, respec-
tively, Salmonellg aertrycke grew in broth with g pH 4.5, having
a lactie acid content of 0.06 per cent and wag inhibited and Lilled
acid was inereased to 0.1

When the laetje 12 per cent with g pi

d hydrochlorie acids

of toxicity of added acid
» 0 the organie oy inorganis

s

/

a summary of resylts obtaineq
*1 was adjusted with acetie acid, The

spore-f Ormers,
ddition of smal]
d not affect the therma]

—_—— —_——
per eent
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An acidity of 0.03 per cent of hy.'d.rochloric. ac}d. Wlth.f:
e f 4.0 {ﬂhibited growth. Toxicity and mhlbltmn.l
. "31uef (;1 'd'roc{vlori'c'acid seem to he due to 11)0. hydrogen—lox;
o ‘01' Y and Anot to the whole molecule as 1.11.t_he case ol
contciin:;?dmnbl ctic acid is the least effective in inhibiting growth
acetic . L

f S. acrtrycle under the conditions of this experiment.
) . v

TABLE 2 . .
; . . 0s
f the medium on the thermal death point of Mieroorganisms, exp
Efect of plL of period, 10 minutes

Reaction adjusted by acctic acid

NIEM plI varuz LETHAL TEMPERATURE
ORGA — —
6.6 55 131
Salmonclla aertrycke...... ............. { 5.0 50 122-
. 6.6 65 149
Staphylococcus aureus......... ... . ..., { 55 60 140
. 55 131
' Phytomonas phaseoli.................... { gg 50 3 122
L 6.6 100 212
Bacillus cereus..................... .. ... { 55 .60 140
6.6 100 212
Bacillus mceén!ericus .................... { 5.5 60 149
R 6.8 60 140
Sacckaromyécs cereviseae.............,.. { 4.5 60 140
- o | e | o
Aspergz‘llua niger.............. Yo, { gg : gO : 140 -

Table 4 s};ows the results obtained .with yeast, C(}ell'st oéefag;
charomyces cereviseae were destroyed in glucose broth tu

PH 3.9 or lower with an acetic acid content of 0.59 per cent or

ic limit t i this yeast was con-
more. The toxic limit of lactic acid for y

siderably higher, being between 1.54 and 3.08 per cent. Again,

less hydrochloric acid destroyed the test organism but f,he hyd?o—

Ly
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gen-ion activity in the limiting tube with hydrochloric acid was

0

+ 2.2 as compared with the limiting pH of 3.9 when acetic acid.

was uscd.

TABLE 3
Comparative inkibitory cfect of acelic, lactie, and hydrochloric acids in nutriens

broth on thesgrowth of Salmonclla aertrycke

ACIDITY

OF BROTH

MEDIUM
pH

Caleulated
total acidity

COMTLETE
INHIBITION
OF GROWTH, .
45 HOURS

per eent

TOTAL
DESTRUCTION
OF BACTEEIA,

48 HOURS

0.33
0.17
0.08
0.04
0.02
0.01
0.005

Broth + acctic acid........

P‘!?‘U\AAKA»&
Nohonwo
s e ol
+4+++1

0.46
0.23
0.12
0.06
0.03
0.01
0.007

Broth + lactic acid........

O o W
SO LIS o N

A
JE TR NIy

0.27
0.13
0.07-
0.03
0.02
0.008
0.004

Broth 4+ HCl acid.........

ST O s e WO RS
B NO
+4+ 41
++ 44

The inoetlat; is ' ‘
The inoctlation consisted of one loopful of a 48-hour Lroth eulture of Sal-
mondla acrirycke. :

Table 5 shows that in acidity ranges similar to those of the
yeast experiment, the spores of Aspergillus niger were killed when
;the Lydrogeu-ion concentration of the medium adjusted with
facetic acid was pl 3.9 and the total acidity was 0.59 per cent.

/ + T T e - T
K At pll values of 4.0 and 4.1 corresponding to 0.37 and 0.27 per .

cent aadity, respectively, the mold spores did not vegetate but

B e s B R AN
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did maintain their viability. When the medium was adjusted
with 0.27 per cent hydrochloric acid resulting in a pH of 1.6, the
spores not only survived but also developed into vegetative myce-
lia. With this acid a pH value of 1.2 and an acidity of 0.38 per
cent was required to prevent growth.  Aspergillus niger tolerated

TABLE 4

Comparative inkibitory effect of acetic, lactic, and hydrochloric acids in glucose broth
on the growth of Saccharomyces cereviseae Lister

ACIDITY OF BROTH COMPLETE TOTAL
N IKHIBITION DERTRUCTION
MEDIUM '_ Cnlculutcd OF ’Gll'.)\&'TH, oF YI?AFT CELLS,
’ pH total scidiLy 45 poTHy 48 noURs,
. per cent R
3.6 1.18 - -
3.7 0.74 - -
. . 3.9 0.57 - -
Broth 4+ acetic acu_i ........ 40 0.37 + +.
4.4 0.18 -+ +
4.7 0.09 + +
2.0 12.32 - -\
2.2 6.16 - -\
Ly 2.5 3.08 - - .
Broth + lactic acid........ 28 154 + +
) 3.2 0.77 + +
3.4 0.39 + -+
- 1.6 0.27 - S
2.2 0.13 - -
Broth + HCl acid......... 3.3 0.07 + -t -
o . 4.1 0.03 + +
- 4.8 0.02 + +

The inoculation consisted of one loopful of a 48-hour broth culture of Sac-

charomyces cereviseae Lister. . e .

~ a relatively high lactic acid content in the medium, growing:
abundantly at 3.08 per cent. Here, the limiting pH of 2.2 was

histier than that of the hydrochloric acid but lower than that of
acetic acid. Because acetic aeid was toxic at a lower hydrogen-

w2

ion activity and especially in the case of mold at a lower total '

acidity than cither lactic or hydrochloric acid, the tyox@city of

iy
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acetic acid is not entirely a function of PH but due mbre to the
nature of the acid itsclf, ‘ :
Comparative quantitative studies
T.he comparative effects of different concentrations of acetie
lactie, and hydrochloric acids on the extent of growth of Sal.’

TABLE 5

Comparalive tnkibitory cffect of acetic, lactic, and hydrochloric acids in glucose broty,
on the growth of Aspergillus niger

— - ————
ACIDITY OF BROTH COMPLETE TOTAL
MEDITM ————————— | INWLITION | DEsTuUCTION
Cu]culntad OF GROWTH, OF HOLD,
| pH total acidity 4% HoURs 48 HOUKS

7 per cent T T
3.6 1.18 - -
3.7 0.74 - -
3.9 0.59 - -
Broth -+ acctic acid. ... 4.0 0.37 - +
4.1 0.27 — +
4.4 0.18 + +
4.7 0.09 + +
2.0 12.32 - -
2.2 6.16 - -
Broth + lactic aeid. ... .. 2.5 3.08 + +
2.8 1.54 -+ +
3.2 0.77 + +
3.4 0.39 + -+
1.2 0.38 - -
1.6 0.27 -+ +
Broth 4+ NClacid. ... ... 2.2 0.13 -+ +
) 3.3 0.07 + +
4.1 0.03 -+ +

The inoculation consisted of g loopful of & water suspension containing about
200 spores,

monclla aerlrycke, Saccharomyces cereviseae, and Aspergillus niger
were studied.  Table 6 shows that acetic acid was the most toxic
acid to S. aertrycke on the basis of hydrogen-ion activity, It was
slightly Detter than kactie acid at an cquivalent pIl value and
wuas much more toxie than bydrochloric acid when in contact
with the test organism for 15 minufes. - It is true that less hydro-

<
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chloric acid was required to increase the hydrogen-ion activity
to its toxic limit than in the case of either lactic or acetic acids.
However, both the latter acids were potent at a higher pH than
the hydrochloric acid. The percentage reduction in numbers of

TABLE 6

Comparative eflect of acclic, lactic, and hydrochloric acids on the survival of
Salmonella acrirycke in water

Contact period, 15 minutes

ACIDITY OF SOLUTFON
TTPE OF BOLCTION - Caioatated TOTAL COUNT m:sg‘c‘gg:.m
P total acidity
= per cml_ﬁ bacteria per ml. per cent
2.9 0.33 0 100.00
3.1 0.17 420 98.83
s . . 3.3 0.08 1,800 05.00
Water + acetic acid........ 3.5 0.04 3,600 90.00
3.7 0.02 7,200 80.00
3.9 0.01 13,900 61.39
2.5 0.46 0 100.00
2.7 0.23 0 100.00
} 2.9 0.11 14 09.96
Water 4 lactic acid........ 3.0 0.06 200 99.44
. 3.2 0.03 1,500 95.83
3.4 0.01 6,000 83.33
2.6 0.007 16,200 55.00
1.3 0.27 0 100.00
1.6 0.13 0 100.00
. . 1.9 0.07 0 100.00
Water + HCI' acid......... 21 0.03 750 97 92 ‘
’ 2.4 0.02 12,000 66.67
2.7 0.01 20,400 43.33
Wateronly.................. 6.2 0.0 36,000

The izoculation per 5 ml. of solution contained 120,000 bacteria.

surviving bacteria was calculated on the basis of the number of
8. aertrycle present in the distilled water.

The cffect of the three acids on the yeast, S. cereviseae, after
2 15-minute contact period is shown in table 7. The difference

In limiting acidities was much more marked with this organism . .

ELy’
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than with S. aertrycke.  For complete destruction of the yeast
cells 2.94 per cent acetic acid at a pH of 2.6 was required -fe
compared with 5.25 to 10.49 per cent lactic acid at a pI{ vah‘;
of about 1.7 and 0.92 per cent hydrochloric acid at a pH value o?

‘ TABLE 7
Comparative cﬁcclrof acelic, lactic, and hydrochloric acids on the survival of
Saceharomyces cercviseac Lister in water
Contact period, 15 minute

l T T

ACIDITY OF BOLUTION

TYPE OF BOLUTION e TOTAL count | BEDUCTION 1y

o pr | Caleulated NewnsLs
.per cent'_-_lk:'ellx per nzr _;erwcmt -

{ 2.6 2.04 0 100.00

2.8 1.47 a0 91.00

Water + acetic acid. ... 2.9 0.74 811 68.90
?,1 0.37 . 450 53.00

3.2 0.18 - 560 44.00

3.4 0.09 690 31.00

1.7 10.49 0 ©100.00

1.8 5.25 9 99.10

Water + lyctie acid.... 2.0 2.62 . 134 86.60
2.1 1.31 340 66.00

2.3 0.66 380 62.00

2.6 0.33 370 63.00

([ 0.2 3.68 0 100.06

| 0.6 1.84 0 100.00

Water 4+ 17 Tacid..... 6.7 0.92 0 100.00
1.1 0.46 146 85.40

: 1.3 0.23 470 53.00

' . 1.6 0.12 470 53.00

Water only .. ... ... . . 6.2 0.0 1,000

Plie inoculaion per 5 ml. of rolution contained 4500 cclls.

M .
9.7. llhc‘re vas some survival of yeast cells when the hydrogen-
}10111 :1(:tv1;'1ty ¢ the lactic acid solution was pll 1.8 and of the
iyarochloric ceid solution was g i
q:M b Wa}d :?nlumm wis 1.1, I.Iele, although less lactic
‘ anaceti: acid was required to give the same pl value, a
- smtdler content of acetie than lactie aecid was required for the

7’
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came degree of toxicity. - A quantity of the strongly dissociated
hydrochloric acid smaller than in the case of cither of the other
two weakly dissociated acids was required to reduce the number

TABLE 8

Comparative effect of acclic, lactic, and hydrochloric acids on the growth of
Aspergillus niger of glucose broth

INITI.AL ACIDITY l FINAL ACIDITY
MEDIUM T T " T —_‘%—-— .I{RY
I el B vt B
per cent *per cent mgm.
1.1 0.27 4.1 0.27 0.0
4.3 0.2t 4.3 0.21 17.3
. . 4.4 0.16 7.1 0.03* 162.0
Broth + acetic aeid.......... 45 0.15 7.6 0.03 147 8
4.7 0.10 7.6 0.03 133.3
5.2 0.07 7.6 0.03 120.5
2.2 4.84 2.2 5.43 0.0
2.3 4.16 2.3 4.56 16.7
2.4 3.48 2.8 1.24 495.7
o . 2.5 2.46 3.2 0.24 456.3
Broth .+ lactic acid........... 2.6 191 42 0.06 4240
2.7 1.80 7.1 0.04 375.4
2.8 1.21 7.4 0.04 311.0 »
3.1 0.72 7.6 0.04 206.0
1.3 0.33 1.3 0.36 0.0
. 1.4 0.30 1.4 0.31 8.0
. 1.6 0.25 1.6 0.26 17.5
Broth 4 HCI. ucxd...‘ ......... 18 0.21 1.8 0.21 a7
’ _ 2.3 0.12 7.5 0.04 163.8
2.9 0.10 7.6 0.04 136.7
Broth control.............. 6.8 1 0.03 7.6 0.04 128.1

The inoculation consisted of 0.1 ml. of a wuter suspension containing ubout

2000 spores. . :
* At final pH values of 7.0 or higher the small apparent acidity represcents g
blank which is not subtracted in this table. e

of surviving cells but the toxic action of hydrochlorie acid mani-
fested itself at a relatively much lower pH value than that of the
other two acids, especially acetic acid. - = s

L)
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.
Plate 1 shows the comparative effects of acetie, lactic, and
hydrochlorie acids on the growth of Aspergillus niger in glucose
broth. The data are summarized in table 8. Complete inhibj.
tion of this mold was caused by the addition of 0.27 per cent
acetie acid, 4.84.per cont lactic acid, or 0.33 per cent hydrochloric
acid to glucose broth. The limiting pH values were 4.1,2.2 and
1.3 respectively.  In other words, less acetic than either lactie
or hydrochlorie acids was required to prevent mold growth and
the toxic limit when acetic acid was used was at a lower hydrogen-
lon activity than that of the other two acids.  There was some
inhibition as indieated by only a slight growth when acetic or
hydrochloric acids were present in a concentration of .21 per
cent. At non-toxie concentrations, the mold readily utilizes lactie
acid to uid in the development of a heavy, rubbery mat unlike those
produced in the presence of non-toxic amounts of either acetie
or hydrechlorie acids.  Within non-toxic limits those flasks which
contained the more lactie acid had the keavier mold growth. In
the lactic acid series it is also Interesting to note that acidities of
3.48 and 2,46 per cent gave rise to mats of approximately the same,
weight.  This is not surprising if the final acidities are deducted
from the initial acidities to determine the amounts of acid utilized.
Thus, with an initial acidity of 3.48 per cent and a final acidity
of 1.24 per cent, 2.24 per cent lactic acid was utilized to vield a
dry weight of 495.7 mgm. When the initjal acidity was 2.46
per cent and the final acidity 0.24 per cent, 2.22 per cent lactic
acid was utilized to yield a dry weight of 486.3 mgm. These
figures are in accordance with other initial acidities and final
yields of mold in this series, .

Again it is evident that the toxicity of acetic acid to mold
spores is a funetion of the nature of the acid, perhaps in addition
to the Lydrogen-ion activity.  In the case of lactic acid, too, the
toxicity scems to be due to more than the hydrogen-ion activity
alone us the limiting pII value was higher in the luctie acid series
than the limiting pI value of the hydrochloric.acid series.  Iow-
ever, the toxie principle of the lactic acid was far less potent
toward spores of A. niger than the toxie factor of the acetie acid.

P N
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DISCUSSIGN AND CONCLUSBIONS

The premise is fairly well establi.she.d -t.hat an increase in acidity
or in hydrogen-ion concentration inhibits the .growt,h of, or :}ve_n
destroys, certain microorganisms and r'nat'crmll).r re.duccs 1)_011'
resistance to heat. The results o_f this 111\'9st1g:qt10n de:% ing
mainly with the activity of acetic acid on certain nll?rOOffg.anxsms
related to food spoilage confirm the findings of other lll\'Chtlgfltto}:'S
and cast some light on a somewhat obscure phenomenon: the

cculiar toxicity of acetic acid.
pv?[tull;j;st‘becn iicmonstrated that acetic aci(? in small amom‘lts
and at relatively high pH values proved tox1.c to representatl\fe
aerobic baeteria and a yeast and mold. La.cmc and hydrocl}l.orlc
acids were toxic to these same test organisms hut at a hl.gl.)er
total acid concentration or at a lowcr pH. The letha'l actl\t{tly
at an unquestionably higher pH value than that obtm{xcd f\cilt.l
hydrochlorie acid is an indication that the effect of acetlg acid is
not due to the hydrogen-ion activity alone. Th.e toxicity of
acetic acid eannot be attributed to its gfmeral organic n:ft.ure a'nd
slight ionization because lactic acid in lgrger quant}tle}sl_ v;a)s
required to efiect the same toxicity desz‘)lte the ‘fact jchau a hig tc}ll'
hydrogen-ion activity was observe.d with -lactlc amd.tha_n wit

an equivalent amount of acetic acid. fI‘hxg lgtter point is men-
tioned because it is true that the toxicity is increased at higher

wydrogen-ion concentrations. ‘ o

L}'?’h(;biesults, in general, show that the hyc}rogen-lon ?,Ctl\'l-f.y
cannot be entirely responsible for the toxicity of acetic acid.
Many investigators are of the opinion that the lethal' eﬂef:t of
-the toxic organic acids is due, at least in part, ,.to't%le updlsso.cmted
molecule. However, the mechanism of in}11b1t,10r.1 is mainly a
matter of conjecture. Wynne (1931) states that it is the aceu-
mulation of adsorbed substance which seems to exert some influ-

ence on the cell, but one can only speculate as to the essential -

physiological effect of this concentrated layer of gdsorbed sub-
st-z{nce, resulting in the failure of the cell to function x.lormally.
That the influence of adsorbed acid is due to something more

than the mere physical presence of a foreign s'ub.stunce is proved :

.
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by the fact that adsorption of the saturated paraffin series of
fatty acids by bacteria is often possible without upsetting their
metabelism,

Not only ean acetic acid inhihit and destroy microorganisms
when used in sufliciently high concentrations but it also aids
materially in reducing the thermal death points of haeteria \thx;
p.ruscnt in sub-lethal concentrations. Many practical applica-
tions can he inferred from this phenomenon. The addition of a
small amount of acid exerts more of a beneficial effect on the
preservation of canned foods by lowering the thermal death point
than by inhibiting the growth of the: organism. Some of the
major probiems in the canning of foods are related to the high
heat treatment necessary for the commereial sterilization of the
so-called “non-acid” produets. The addition of acetic acid is
Justified provided the appearance and flavor are not noticeably
altered.  The long aceepted usage of vinegar as a common fooEi
cemponent precludes any objection to this acid from a physio-
legical standpoint.

SUMMARY -

The toxie effect of vinegar upon certain microorganisms is usu-
ally attributed to its acetie acid content,

Acetic ueid in nutrient broth inbibited the growth of various
microorganisms related to food speilage. The bacteria used did
not grow in broth adjusted with acetic acid to pli 4.9. Sac-
charomyees cereriseae did not grow at pH 3.9 and A spergillus niger
wus inhibited at pll 4.1.

An increase in the hydrogen-ions resulted in a deerease of the
thermal death points of the bacteria studied. The reduction in
lethal temperature was more marked in the case of Bacillus
mesendericus and Bacidllus cereus than with the non-spore forming
organisms.  Thermsl death points of the yeast und the mold
were unaitered by the addition of small amounts of acetic acid.

Compurative studies showed acetic acid to he more toxic
than cither lactic or hydrochloric acill to Salmonclla acrtrycle,
Saceharomyces cereviscae, and Aspergillus niger.  These organisms
were inhibited or destroyed at a higher pI{ value with acetic acid

R 20 T e
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than with lactic or hydrochloric acids. The mold utilized rela-
tively high amounts of lactic acid to develop a growth heavier
than that obtained from the acetic acid or the hydrochloric acid

series.
Beeause of its lethal activity at comparatively high pl values,

the toxicity of acetic acid for various microorganisms is not con-
fined to the hydrogen-ion concentration alone but also scems to
be a function of the undissociated acetic acid molecule.

Grateful acknowledgment is made to Dr. L. A. Brddley and
Dr. J. E. Fuller of the Department of Bacteriology for their
cooperation in this investigation. '
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Russian Translation

Some Problems Concerning the Clinical Aspects and

Therapy of Severe Acetic Acid Poisoning

V.I. Lysenko (From the Center for the Prevention of Terminal
States of the Frunze Medical First-Aid Station (Chief Physician:
V.V. Lezhenkin) and the Second Hospital Surgery Clinic (Director:
Prof. M.E. Fridman) based on the Combined Clinical Hospital No. 2
(Chiief Physician: K.S. Nigmatullin, Honored Physician of the

Kirgiz Republic).

Source: Sov. Zdravookhr. Kirg. No. 1, pp. 52-54, 1967.

Cases of poisoning by acids and alkalié are severe diseases often
having a fatal outcomé. According to I.V. Grigor'ev, the lethality in
such cases is equal to 50%, and according to G.G. Zakharova, 21.6% (1957).
Among common household poisoﬁing by acids and alkalis, cases of acetic
acid poisoning play a prominent role. Acetic acid seldom causes cicatricial
complicétions, but results in a high lethality (G.G. Zakharov, 1957;

P.L. Sukhinin, V.S. Tinkitnik, et al., 1964).

In the literature available to us, we were able to find only isolated
reports on the treatment of small groups of patients suffering from acetic
acid poisoning by means of blood exchange transfusion. 0.5. Glozman and
A.P. Kasatkina were the first ones to recommend this type of treatment in
different types of intoxications caused by external agents. In their
opinion, exchange transfusion can be used not only for disintoxication

purposes but also in order to eliminate from the organism erythrocyte
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hemolysis products; it also has a definite diuretic effect. OFS. Glozman
and A.P. Kasatkina believe that the amount of blood necessary for the
complete substitution of the recipient's blood by the donor's blood is

2 times greater than the total amount of blood present in the organism of
the recipient; however, if the amount of donor blood available is small,
it is better to perform exchange at a lower level than no exchange at all.
In order to reduce the amount of blood used, V. Serafimov-Dimitrov (1963)
has developed an experimental method for using a blood-dextran solution
(blood diluted with an equal volume of a 6% dextran solution) in exchange
transfusion procedures; in the course of exchange transfusions using a
blood-dextran solution, he did not observe any noticeable shifts in the
main functions of the organism, and onlybone experimental animal (out of
81) died during this procedure.

We have observed 90 patients admitted to the Center for the frevention
of Terminal States as a result of severe acetic acid poisoning. These
patients belonged to different age groups; howe§er, we found almost no
cases of severe poisoning among children.

In regard to the outcome of cases of severe acetic acid poisoning and
the method of treatment used by us, all patients under our observation
were arbitrarily divided into 3 groups.

The first group included patients iﬁ wﬁich macroscoplc hematuria,
moderate amounts of protein in the urine, leucocytosis and accelerated
erythrocyte sedimentation reactions were observed. In these patients,
clearly expréssed burns of the oral cavity.and sometimes vomiting were
also observed; however, no hemodynamic and.respiratory disorders were

noted, no blood was found in washing waters and in the stool, and no



clearly expressed hemolysis symptoms. This group included 19 patients,
and not one of them died. Treatment of this category of patients included
the use of analgetics, atropine, antihistamine preparations, antibiotiés,
copious gastric lavage, oxygen, intravenous infusions of low-molecular
solutions, such as in isotonic sodium chloride solution, a 5% glucose
gsolution, a 4% soda solution, novocaine administration, vegetable oil.

The second group included all cases of severe acetic acid poisoning.
These patients exhibited a severe (serious) general condition, shock
;ymptoms, vomiting (often with copious blood admixture), extensive burns
of the alimentary tract, frequently hemodynamic and respiratory disorders,
significant functional disorders of the kidneys, and a high hemolysis of
erythrocytes. Treatment of these patients inéluded, in addition to the
measures mentioned above, also the use of cardiac and vasoconstrictive
drugs, hormone preparations and paranephral blocks. Exchange transfusion
piayed an important role in the treatment of fhese patients. Then, based
on the assumption that the blood being transfused to the patient may
possibly undergo a partial hemolysis, we started to practice bloodletting
with simultaﬁeous dextran transfusion, and then, in some cases, we switéhed
to the usual exchange transfusion procedure.

Since we wanted to check our assumption on fhe possible hemolysis
of dohor-erythrocyteé during blood transfusion to the person suffering
from acetic acid poisoning, we performed some special experimental studies,
which did not confirm, however, the assumption made above.

Another rather important consideration favoring the use of déxtran
as a substitute for the reciplent’'s blood is the fact that a sufficieﬁt

amount of blood. is not always available under the conditions found in

97
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practice. By using d;xtran along with blood, we are able to perform the
maximum possible transfusion:by using a comparatively small amount of blood.

We have performed 15 regular exchange‘transfusions and 30 exchange
transfusions with dextran in patients with severe acetic acid poisoning.
The blood was obtained from the radial artery, in which an incision was
made, and a microirrigator was inserted into the lumen ofvthe vein,
Transfusion of dextran and blood was done intravenously (by venesection,
less frequently by venipuncture) or by the iﬁtraarterial route (in case
of severe hemodynamic disorders).

The amount of blood extracted was equal to the total amount of blood
and dextran transfused to the patient. The procedure was as follows: up
to 2800 ml blpod was taken from the artery, and simultaneously the same
amount of dextran was transfused intravenouély; then, in some cases, a
regular blood exchange transfusion (up to 2000 ml) was performed.

According to our observations, the substitution of the recipient's
blood by dextrgn (exchange transfusion) does not cause any kind of severe
gshifts in the organism. In most cases the condition of the ﬁatient
-improved afte: transfusion, acrocyanosis disappeared, the oxyhemoglobin
content of the arterial network of capillaries iﬁcreased, and there was a
decrease in the ictericity (jaundice) of the sclerae and skin. In all
cases, the procedufe had a considerable diuretic effect, and was followed
by a significant decrease of the hematocrit (down to 24-26), which,
however, did not affect the general condition of the patient.

No noticeable change in the osmotic resistance of erythrocytes was
noted after substitution of dextran for the recipient's blood. The trans-

fusion procedure also did not affect the plasma content of sodium and
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calcium, but a regular decrease of the potassium content was noted. In
view of this fact, it is necessary to introduce, during the transfusion,
an amount of potassium solution sufficient to compensate for this decrease.
After the transfusion, a noticeable decrease of the total plasma protein
content was noted, which gradually returned to its normal value. In some
cases, a 20~30Z reduction in the amount of erythrocytes and hemoglobin was
noted, and also a sharp accéleration of the erythrocyte sedimentation
reaction, which réached a normal value at the end of the first and the
begiﬁning of the second week. No noticeable shifts in the organism were
noted in patients which we had the occasion to observe long after the
transfusion.

The third group included patients aamitted to the hospital in an‘
extremely serious, often hopeless, condition and who died within 20
minutes to several hours after being édmitted. This group included 15

patieats.
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Table

Percentage of fatal cases depending upon the gravity of the
condition and methods of treatment
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1. Moderately grave

2. Grave

3. Extremely grave
4. Number

5. Died

6. Percent lethality
7. Without blood exchange transfusion
8. Blood exchange transfusion
9. Dextran exchange transfusion

Conclusione
1. Dextran exchange transfusion is an effective method for the treatment
of patients suffering from acetic acid poisoning. With this method the
general condition of the patients is improved, and the respiratory insuf-
ficiency and hemolysis of erythrocytes are reduced.
2, Substitution of -dextran in the recipient's blood does not cause any

pathological changes in the various functional systems of the organism,

and therefore the use of this method is recommended in a number of cases.
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HEKOTOPBIE BOIPOCHI KTUMHWKH H TEPATIHH TSXKEJDIX
OTPABJIEHUM YKCYCHOM KHUCJIOTOH

B. H. JToicenko

HMa uentpa no Goptle ¢ TepMHHAJBHBIMI COCTORHHAME ®pyu3encKofl CTaHIHH CKODOi;
MelmiHicKoft noMown (rn. spad— B. B. Jexenku) w kaunuku Il rocnnransiof
xupypruu (3as.— npod. M. E. ®puavan) Ha Gase oﬁbemmguuoﬁ KJIHHHYECKOi}
GoabHuLel No 2 (nd. Bpad — 3acaymetubil Bpay pecnyGanku K. C. Hurmaryaanu)

OTpaBJcHils KHCA0TaMH U IUeJ04aMH ABAAIOTCA TspxeabiMi 3a6oesa.
HHAMH, HEPEJKO NPHBOAALIMMHE K JeTaAbHOMY HCXOLYy. U. B. I'puropbes
cyHTaeT, 4TO JeTa bHOCTb NMPH 3TOM COCTaBAALT 50%. Mo mauuuim T'. T\ 3a-
xaposa, ona pasusietcs 21,6% (1957). Cpenu GbITOBBIX OTpaBJeHHIT KHC.o-
TAMY W LIEJ0YaMH OTPABJCHHS YKCYCHOH KHCJIOTOM 3aHHMAIOT BEIVLIEE Me-
cT0. YKCyCHAast KHCJ0TA PEIKO Bbi3biBaeT pyGuoBLIE OCAOKUCHI, 3aT0 Ader
Bricokylo JnetaacrocTe (T T. 3axapos, 1957; I1. JI. Cyxumu, B. C. Tuu-
IUTHHUK B Np., 1964). '
B gocTynHoil quTepaType Mbi CMOLJH BCTPETHTh JHUID CANNHYHLIE €006-
HWeHHs o JedeHHH He6oabUIHX rpynn  OGOJbHBIX ¢ OTPABACHHUAMH VKCYCHOI
KHCAOTOl onepalmeil 3amewenus kposi. Ha 1eecoo6pazHOCTh NPHMeHeH s
onepauny 3aMelleHHsi KPOBIt MpH pasauiHoro poiad 3K30TOKCHKO3aX Obl1o
prepsble ykasauo O. C. I'roamanom H A. T1. Kacarkutoil. Omepauns 3aMe-
LeHHs KPOBH, MO HX MHEHHIO, MOKET MPHMEHATHCS He TOALKO C AESHHTOK-
CHKAUMOHHO{I LeabI0, HO H ¢ Lelbl0 BbiBeleHHsl W3 OpraHu3Ma NpONyKTos
" reMOJIH32 PHTPOLITOB; OHA 06JalaeT TaKiKe HeCOMHEHHBIM JIHYDETHUECKIM
sdppextom. O. C. T'1o3man u A. T1. KacaTkuHa CUHMTaiOT, UTO st NOJHOro
3aMellleHHs KPOBH peuHnHeHTa KpOBbio A0OHOpA HeoOXOIAHMO  KOJHYECTBO
KpoBd, B 2 pasa npesslulaiouee oGliee KOJIHUCCTBO KpOBH, Haxoisieecs B
OpraHu3Me pEUHNHeHTa, OAHAKO, €C1H HMeeTcs Majo JAOHOPCKOIl  KPOBH,
TO Jyullle cfeaTh 3aMelleHHe MeHbIlUeli CTEMeHi, YeM ero HE AEaaTs. C
LeAblo YMEHbLIEHHS KOMMYeCTBA HCIOJb3YEMOIl KPOBH B. Cepadumos-i-
mutpos (1963) sKcrnepHMeRTaAbHO pa3paboTa/ MeTO1HKY ONepallHH 3aMe-
LLleHHs KPOBH HA KPOBE-1eKCTPaHOBHIl pacTBop (xpoBb, pa3baB/IeHHYIO pas
HblM o6bemoM 6% pekcTpaHoBOro pacTBopa). Bo Bpewsi omepauun saMme-
1eHHs KPOBH Ha KPOBe-J1eKCTpaHOBblit pacTBOp OH He Ha6al01a 3aMETHBIX
CHBUTOB B OCHOBHBIX (yHKunsx opranusma. W3 81 xusotHoro norib6.10
TOJbKO O1HO.

Mur Haomonad 90 60JbHEIX, HaXoAHBUWHXCS B UeHTpe no Gopbbe ¢ Tep-
MIHAIBHBIMI COCTOSHHAMI MO TOBOAY TSKEJIOr0 OTPABJGHHS YKCYCHOM
KHeoTol. Doablible NpHHAMJIEKANM K PA3JHYHBIM BO3DACTHRIM TPYNAaM,
OJIHAKO TSIKEJALIX OTpaB/eHHil CpeaH JeTedl Mbl NMOYTH He BCTpeuadH.

Uto KacaeTcs HCXOAOB TsIKeNbX OTPaBJeHH{l YKCYCHOI KHCAOTO! H_NPH-
MeHSBIUETOCH HaMH JedeHHs OTPABJIEHHBIX, TO BCeX OOIbHBIX, Ha X0 HBLIHXCA
MOA HauMM Ha6.I101eHHeM, Mul YCJ0BHO Pa3GHIN Ha TPH FPYNNbL.

B mepBylo IPynmy Mbl BK/IOYHIH GOJBHLIX, Y KOTOPBIX nabatonanaco
MaKpOCKONHYCCKasi reMaTypisi, 6eJOK B MOUYC B YMEPEHHBLIX KO.JHYeCTBay,
AefikoniTo3, yckopenunoe PO, ¥V 971 §o1bHBIX OBLTH BbHIpasKEeHHBIE OMXOTH
nosocTH pTa, Huoria nabaonanace psota. Ho y Hux we orveuaaocs Hapy-
LieHiT reMOAMHAMEKH H /biXaHiid, He OulIo KPOBH B NPOMLIBHLIX BOJAAX H

CTy./1€, He 6ol BhIpaKeHbl ABJEHIS reMoJiza. boJabHBIX 3TOl rpymnmet
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guao 19. V3 Hux He roru6 uu onuH. Jlas jedeHus 31O KaTeropuH OTpaBiien-
ypiX TPHMEHSIHCD aHATBLIETHRH, aTpoNWH, AHTHUIHCTAMUHHBIE npenapartsl,
aHTHOHOTHKH, OOUNbBHOE npoMbiBaHHE KeJyIKa, KHCAOPOL, BHYTpHBEHHbBIE
g HBAHHA MEJKCMOJICKYIAPHBIX pACTBOPOB: H30TOHHUECKOTO pacTBOpa X/0-
pHCTOTO HATPHS, 5% pacTBOpa FJIOKO3DI, 49 pacTBOpa COIBL, HOBOKaHH
gHyTpb, PACTHTEJbHOE MaCAO.

Ko BTOpOil rpynne Mbi OTHEC/1U BCE ra)Ke/ble ciydau oTpaBieHiit ykeyc-

© pofi KMCAOTOM. ¥ 3THX 6OJIbHbIX OTMEuaoch THXKE0E ofililee  COCTOAHHEL,

BcHHS 1I0Ka, pBOTA, 3a4acTyio ¢ OGHALHON TIPHMECHIO KDOBH, ofuiMpHbie
OXOFH MHILEBAPHTEIbHOTO TPaKTa, 4acTO — HapyuleHHsi TeMOANHAMUKH H
JwiXaHus, 3HaYHTe/NbHbie HApyLICHHH dYHKUHH MOHCK, BbICOKHIT TreMOJH3
JPUTPOLNTOB, B JeueHnH STHX GOMbLHBLIX NPHMEHSAIHCH KPOMe y2Ke nepedu-
cAeHHbIX MEpONpHATHI CEpAEHHbIE, COCYNOCYKHBAIOLIHE CPeAcTBa, TOpMO-
wanbHble Tpenaparhl, napaHedpanbHble 610Kaibl. Boabiioe 3naueHile mpu
aeueHHH GOJIBHBIX 3TOIl TPyMNiibl MBI npugabBatd onepaniH 3aMelueHus
kpoBi. 3aTeM, HCXOAs H3 IpeanoI0KeH s, UTO, BO3MONKHO, KPOBb, Tepenu-
saeMast 6oJbHOMY, UYacTHUHO reMOMH3Npyercs, CTajil MpakTHKOBATH Kpo-
BOMyCKaHlie C OAHOBPCMCHILIM nmepesuBaHHEM MOJHIJIOKHHA, 3 3aTeM, B
HEKOTOPHIX CJydasX — NEpPEXONHTD Ha OObIUlyl0 Onepaudio 3aMelcHHs
KpOBH.

enas mpoBepuTh Hallle npenrnosokKeHie 0 BO3IMOKHOM reMonH3e
JPUTPOLMTOB AOHOpA 1PH nepeauBaHiy  KpOBH OTpaBJACHHOMY yKcycHoil
KICAOTOf, Mbl TIPOH3BEJH CTeiHa/bHbIC 3KcIePHMEHTAbHbIE HCCae10BaUs,
XoTophie, 0JHAKO, He MOXTBEPIHIH BHICTABJEHHOTO BhllLE MOJOXKEHHA.

Jlpyrum, AOBOJIEHO BECKIM, cooGpaxienieM B MOAb3Y npHMeHeHus 3a-
veuleHls KPOBH pelumnienTa Ha MOAHTTIOKHH #BJSETCH TO,  YTO B NpakKkTH-
YeCKIIX YCJOBHSX He BCCTa MMCETCs B HaJMuH¥ 10CTaTOUHOE KOJIHHeCTBO
xpopi. [Ipivensin Hapsay € KPOBbIO MOANTIIOKHH, Mbl MOMKeM, HCMOIbh3YA
cpaBHHTe/bHO HeDO/bLIOE —KOTHECTBO KpOBH, TPOI3BECTH Kak MOMHO
60blee 3aMeILEHILE. ’

_ Hamu nposeaeno BCETO 15 omepaiutit 3aMelleHiia KpoBH H 30 omnepa-
Wi 3aMellenlisi KpOBH HA MOJHIIOKHH Y GoabHBIX C THMeJbIMH 0TpaBs.ie-
HUAMH YKCYCHOM KHCAOTOIL. Jlast u3BjaedeHHs KPOBH Mb 10/B30BATHCH JY-
YeBOfi apTepueil, KOTOpasi HalceKanach, W B MpOCBET €e BBOAMICH MHKpPO-
#ppuratop. [lepeanpaiig NOMHTAIOKIHA i KpoOBil MPON3BOAHAOCH BHYTPil
BeHHO (BeHeceKnlls, pexe BEHeNYHKILHA) HIH BHYTpHApTEpHAbHO (rnpH
THKeI10M HapylleHHH reMOqIHAMHKIT) . ’

KoanuecTBO H3BJEUEHHOIl KpOBH PaBHANOCH CYMMapHOMY KOJIHUYECTBY
KPOBI 1 MOMHTJIIOKHHA, MEpeTilTOMY Goaphomy. Orepallis MPOH3BOANIATH
cleayiournm 06pa3oM: H3BJIEKAI0CH H3 aprepui 10 9800 M. KpOBH, OAHO-
BPeMetHO BHYTPHBEHHO [epeqBaoch TaKkoe Jke KOJHYeCTBO MOHTTIOKHHA,
JaTeM B HeKOTOPHIX CJayuasx NpOI3BOAHAOCH saMelUeHHe KpOBH Ha KpOBL
1302000 ma).

Mo Hamuy HabAI0IEHUSM, ONepauns 3aMelledis KpPOBH peuHmienTa
M2 NOAHrAIOKHH He BbI3bIBAET KaKHX-1100 THXKEIbIX CABHTOB B OpraHH3Me.
nglc-ﬂe flee B GOJILIMHCTBE CJyuaeB COCTOAHAC 60/abHOTO  YJayuuianoch,
'CYe3an agpoOUHaHO3, NOBBIMIAACSA OKCHFeMOTAOGHH apTepHa/ibHoOil  CeTH
Z:HHHJYIpOB, yMeHblIa/10ch HKTEPHUHOCTD ckaep M Koxiu. Bo Bcex caydanx
Mepauus okaszbiBaja 3HAUHTE/bHbLH AMYpeTHHECKHHL sppekr. [locae one-
Paluy nagogasoch 3HAUMTEbHOE CHHXNEHHE reMatokputa (20 24—-26),
910, oqHaKo, He CKa3biBaJoCh HA o6iIeM cOCTOAHIH G0AbHOTO.
aay Iocne 3amellenlss KPOBH pelitiiienTa Ha MOJHIVIIOKHH He OTMeuaJoch

METHOrO W3MEHEeHHsi OCMOTHUECKOil Pe3HCTEHTHOCTH sputpountos. Oue-
gi‘li“ﬂ' He cKa3blBanach TAKKe HA COLepIKAHIiN B Ia3Me HaTpHs, Kadblug,

Aiako ampl oOpaTHAN BHHMaHle Ha 3aKOHOMEPHOe CHHXKEeHIle Kaaus. 3toT

AKT HapoguT HA Mbic/b O HEOOXOLMMOCTH BBe/leHHA BO BpeMs OlepauuH
PactBopa kaaus B KOJAHUECTBAX, KOMIIEHCHDYIOUIHX 3TO CHHMEHHE. [locae
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onmepaLuH OTMeYajoch 3aMeTHOe yMenblenne ofulero Geaka IVIa3Mbi, go
TOPHiff NOCTENeHHO npuxdann K HopMe. B HeKOTOPHIX cayuasXx Hab.togza.
foch CHMJKEHHMA KOJHYECTBA ~ IPHTPOUUTOB H reMorsiobuda Ha 20—30%,
Takxke peskoe yckopenne PO, kotopas HOpMaJn30Banach K KOHUY nep.
BOil — Hauany BTOpOil HemesiH. Y GO/bHBIX, KOTOpHIX HaM TIPHXOIHaocy
Ha6ai0faTh B OTJajeHHble CPOKH Tocse onepalii 3aMelUeHUsT KPOBY, 1,.
METHBIX C/IBHTOB B OpraHi3Me He Ha6J101a10Ch.

K Tperseil rpynne Mbl OTHeC. GOMbHBIX, MOCTYMHBIIMX B CTalHOHap
B KpaliHe TSKeJOM, 3a4acTylo 6e3HaNeKHOM COCTOAHHH H ROTHOWHX B Cpo.
ki 0T 20 MHH. A0 HECKOJbKHX HaCOB MOCAe MOCTYIVICHHA. Taxkux 60.bhyy
6utno 15. ,

TaGanua
TIpoteHT CMepTElbHBIX HCXO10B B 3aBHCHMOCTH OT TAWCCTH COCTOAAHHUA H METO10B Jevycyy,
Cpeaneit THKECTH Taxenne Kpaiine taxesy,
e
% Jae- \% ne- tg
yMep- Mep- Mep-y ° Jt-
K-BO )m)p Taab- | k-po | TPl raab- | ko ymp Prag.
HOCTH \ HOCTH ‘ HOCTx
- A S TSNS M N SN SRS S
Bes onepanuy 3amemwe- ‘
HUA KPOBH 19— — 20 11 55 6 6 |
Onecpauus 3aMeiienus . : ‘
KpoBH Lo — — 15 7 | 466 — — |\ -
Onepatus . 3aMeLICHHA i )
|
KpOBH Ea MOJHUIHOKHH S — 21 7 | 333 9 9 ' 1
BBIBO 1 bl

1. Onepauns 3aMelleHisi KpoBH Ha nosuraoKHH aBaserca abdexrin.
HBIM METONOM JeueHHsi GONbHBIX C  OTPABJICHHSAMH YKCYCHO#  KHCJOTOI,
Baaroxapsa eil yaaeTcsa A0OnTbea yJayulueHis of1ero cocTostHus Goasuore,
yMeHLIUEeHIs AbIXaTelbHOi HEAOCTATOUHOCTH, CHHXKEHIst TeMOaH3a SpUTpo:
UHUTOB. .

2. Onepauys 3aMellleHis KPOBH peLHIIlenTa Ha NOMHTNIOKHH He Bbldl:
BaeT MaTOJOTHYCCKHX CABHIOB B Pa3.JHYHBIX (GYHKIHORA/IBHBIX  CHCTeMa:
cpranusia i No3TOMYy NpHMeHeHHE ce B page Cjyuaes SIBJARCTCH BROIh
11eJ1ec000pa3HbIM.
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ETHANOIC ACID

This article discusses ethanoic acid (acetic ‘1(‘1(1), and some closely related chem-
icals, as follows:
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ACETIC ACID

Ethanoic acid (IUPAC), more commonly known as acetic acid (methane-
carboxylic acid), CH;COOH (abbreviated as AcOH), is a clear, colorless liquid with an
acrid taste and pungent odor. As the acid of vinegar, acetic acid is as old as fermented
liquors, which sour spontancously, and which are historically recorded prior to 3000
Bc. Today acetic acid is one of the most important industrial organic acids. It is
produced mostly synthctically in volume exceeding a billion pounds per year.  Acetic
acid is most widely known in the form of vinegar, a dilute aqueous solution; it occurs
both free and combined in the form of esters of various alcohols in many plants, and
has been detected also in animal secretions (1-1). Major uses of acetic acid are in the
manufacture of cellulose acetate fiber and plastics, ester solvents, dyes, metal salts,
and many other chemicals. “Glacial” is a term applied to acetic acid of high purity
(above 99C¢), which congeals to ice-like crystals at 58-60°F. Contact with coneen-
trated colutxon: (50, or more) ean cause severe skin burns and severe damage to the
eyes, possibly resulting in total loss of sight. Exposed areas should be flushed im-
mediately with ample quantities of water. Breathing of concentrated vapors is also
harmful and swallowing may cause severe injury or death.

Physical and Chemical Properties

The physical properties of acetic acid are listed in Table 1. Freezing points and
specific gravities of aqueous acetic acid solutions of varying concentrations are pre-
sented in Table 2, and acctic acid temperatures at selected vapor pressures are listed
in Table 3. Tigure 1 illustrates some physieal properties of acetic acid-water solutions.

Acetie acid is miseible in all proportions with water, ethanol, and ether. It is
an excellent solvent for organic compounds and is widely used as such in organic
synthesis and in the preparation of acetates, acetone, acetic anhydride, ete. A dipole
moment of zero for the unsymmetrical acetie acid siructure has been C\])].‘llllLd by the
formation of symmetric dimers via hydrozen bonding in which the dipole moments
cancel. Highly dissociated ionie species do not occur y acetie acid solation beease
of the low dicleetrie constant of =uch a =olution (10).

Acetic acid alvo exhibits relatively low basicity, or proton aflinity, and as @
solvent yields relatively small ionization constants for strong acids such as pvnhlmu
acid.  Acotic acid serves as a ditferentiating solvent for strong acids suel ns pereh! orie,
hydrobromie, sulfurie, hydrochiorie, and nitrie acids, which have nearly oo al strengih
in aqueous solution, due to the leveling cffeet of water. Sinee acetoninm o, CH -
(OH),*, the strongest acid available in solution, is stronger than hydronium ion, acetie
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Table 1. Physical Properties of Acetic Acid

"ETHANOIC ACID 387

melting point, °C
boiling point, at 760 mm, °C
density, dgg'
refractive index, n%
freezing point, see Table 2
apparent specific gravity, at 20/20°C
" eoeflicient of eubical expansion, at 20°C
criticul pressure, atm
eritical temperature, °C
dielectric constant
2°C (solid)
20°C
electrical condetivity, at 25°C, mho/em
jonization constant, at 25°C

—log K

16.6

118.8
1.0492
1.37182 (5)

1.0510 (6)

1.071 X 1073

57.2(7)
321.6(7)

4.1(7)
6.15(7)

1.12 X 1078 (7)
1.753 X 107%
4.76

—0.

- magnetic susceptibility, cgs 526 X 10-¢(7)
specific inductive capacity, at 18°C 9.7
surface tension, at 206°C, in air, dyn/em 27.6 (7)

. vapor density (air = 1) ) . - 2.07
viscosity, ¢P : .

20°C ' 1.22(9)

40°C ' - 0.90(9)
specific heat, at 0°C, cal/(g) (°C) :

liquid T " 0.468 (8)

solid 0.487 (8)
heat of combustion, keal/mole ’ —209.4(7)
heat of formation, keal/mole —-116.2 (7)
heat of fusion, at 16.7°C, cal/g . . 44.7 (7)
heat of solution, at 18°C, keal/mole _ 0.375(7)
heat of vaporization, at 115.1°C, cal/g 96.8(7)
autoignition temperature, °C 565
explo=ive limit, in air (lower limit), C¢ by vol | _ 4
flash point (Tag open-cup), °r 130

acid is very useful as a solvent in carrying out reactions that require stronger acids.
Acetic acid, however, has a very strong leveling effeet on bases and solvolyzes all
strong bases to acctate ion, CH,COO-. This amphoteric behavior of acctic acid sys-

tems is demonstrated by zine acctate which dissolves in acetic acid solutions of both’

hydrogen chloride and sodium acctate, although it is only very slightly soluble in
acetic acid alone (11). . ) :
The characteristic carboxyl group of acetic and other fatty acids has been con-
sidered a resouance hybrid in order to explain an acid strength greater than that of
water and of the comparable alcohols (12). Further substitution of electronegative
atoms, such as chlorine, tends to increase acid constams by inductive effect zlong the
carbon chain to the oxygen atom. For example, the acid constant, K,is 1.86 X 10
for acetic acid, 1.5 X 107 for chloroacetie acid, 5.0 X 10~ for dichloroacetic acid,
aand 2 X 10! for trichloroacetic acid (13,14).

. i

CHEMICAL REACTIONS

Since acetic acid may be treated as a resonance hybrid, in the formation of esters
protonation is assumed to occur on the carbonyl oxygen by at least three different
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Table 2. Freezing Points and Specifie Gravities of Water Solutions in Acetic Acid at 15.5/15.5°C

Acetic acid, % Freezing point, °C* ‘ Specific gravity®
99.9 16.43 _ © 1.05358
99.8 v ‘ o 16.24 1.0561
99.7 T 16.04 : 1.0564
99.6 15.84 ¢ 1.0566
99.5 ° ©15.65 .. 1.0569
99.4 15.47 ) - 1.0572
99.3 15.28 e © 1.0574
99.2 15.10 ‘ ] ©:1,0577
99.1 14.92 1.0580
99.0 14.74 1.0582
98.9 14.57 1.0584
95.8 14.40 ) 1.0587
98.7 14.23 : 1.0589
93.6 14.06 _ 1.0592
98.5 13.90 , 1.0594
98.4" " . L. 31874 1.0596
98.3 13.58 , 1.0599
98.2 13.43 o 1.0602
98.1 ‘ 13.27 : 1.0604
03.0 - 13.12 1.0606

_ & Each 1¢; propionic acid depresses the freezing point by 0.485°C. '
#3.0¢; propionic acid depresses the specific gravity by 0.0019; 55 depresses it by 0.0032; and

6, depresses it by 0.0040.

Table 3. Acetic Acid Temperatures at Selected Vapor Pressures

Vapor pressure, T Temperature, Vapor pressure, Temperature,
mm Hg . °C mm Hg B
1 solid 60 50.84
5 solid 100 62.19
10 ’ 17.11 200 ) 79.12
20 29,16 400 98.10
0 42.44 ‘ 760 117.86

mechanisms. The usual method of esterification involves the reaction of acetic acid
with an alcohol in the presence of an inorganic acid as catalyst. For example, acid
is refluxed with the aleohol in the presence of 5-10% concd sulfuric acid. Phosphoryl
chloride has alzo been demonstrated as a good catalyst for the csterification reaction
(see also Esterification).  Exters of low moleeutar weight are fairly soluble in water,
and all esters are soluble in most organic solvents (15).

The formation of acotate esters is undoubtedly the mos=t important commereial
use for acetic acid. Large quantities of ethyl avetate, hutyl acetates, glycol diacctate,
steroid aecctates, and other aleohol esters of aeetie acid are produced and consumed in
the U.S. The recent literature includes references to acetic acid ester synthesis
starting with acetylene to give vinyl acetate by using residual acetic acid; ethylene
glyeol esteritication in the presence of ion exchange resins; and catalytie esterifiea-
tions of methauol, ethanol, and butanol in the presencee of a variety of eatalysts. The
discovery that olefins oxidized in acetic ackl solvent yield unsaturated esters such as
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Fig. 1. Properties of acetic acid-water solutions. (a) Freezing points. (b) Surface tension at 25°C.
(¢) Kinematic viscosities at 25°C. (d) Refractive indexes at 25°C.

vinyl acetate and propeny! acetute, adds 1o the techuical importance of acetic acid
(16,17).

A yield of 9790 of vinyl aretate bused on converled ethylene is upmff‘d for the
reaction in which palladium chlovide i< reduced by othylene in solutions of acetie acid
containing sodium acetate: ‘

C:H, + PdCl: + 2 CH;COONs — CH.=CH—OCOCH,; + 2 NaCl 4 Pd + CH,COOH

Salts of acetic acid are formed' directly by reaction with an alkali, or by the
saponification or alkaline hydrolysis of an acetate ester. In equimolar proportions
sodium acetate and acetie acid provide an exeellent buffer solution. ~Sodium acetate,
CH,COOXNa.31.0, and potassium acetate CH;COOL, are muade by neutralization of
acetic acid with the corresponding base. Acetates of many mono- and polyvalent
metal jons have extensive commercial use. Lead acetate, (CH,COO),Pb.3H.O,
one of the few water-soluble lead salts, ix widely used in the manufacture of other lead
compounds. Copper, zine, and chrominm acetates are commercially available in-
organic salts, Copper ammonium acetate derived from either acetie acid or copper
acetate is used to absorb butadiene from the butylenes. The industrial chemieals,

.white lead (basie lead carbonate) and Puaris green (a copper acet 1te—c0pper arsenite

complex), are al<o made from acetic acid (18).

Typical chenmieal reactions of acetie acid in addition to the formation of organie
and inorganic salts inelude, halogenation, the formation of amide, nitrile, ketone,
anhydride, and acid chloride, as well as acylution and solvolytic reactions.
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. are formed in turn when chlorine is passed into hot acetic acid

solution of almost any soluble metal salt by reaction with

390 ETHANOIC ACID
Halogenalion
CH,CO0H + Cl: — CH.CICOOH + HCIL. =
Substitution oceurs at the methyl group and mono-, di-, and trichloroacetic acids

'
k4

. Amide formalion
CH,COOH + NH; — CH;CONH: + H;0
) s

Nitrile formation

Ketene formation
: {600°C)
- CH,CO0H —— CH=CO0 + H.0

) ST Acid chloride formalion
3 CH,COOH + PCl; — 3 CH,COCl + P(OH)s

Substitution of the hydroxyl group by a ¢hlorine atom oceurs.

: . ‘Solvolytic reaction
4 CH,COOH + SO.Cl: — SO, (00CCH,). + 2 CH;C(OH)* + 2C1~

Aetathetical reactions proceed smoothly in an anhydrous acetic acid medium
despite ‘its low dielectric constant. Solutions of, for example, heavy-metal salts,
treated with hydrogen sulfide readily precipitate the appropriate sulfides. Silver
atos with solutions of halides, cyanides, and thiocyanates.
are precipitated in anhydrous condition from a
aunhydrous sulfuric acid.

Iron(IIT) thiocyanate complex is readily formed in acetic acid solution. Neutraliza-
“tion of metal salts with acids is also accomplished in acetic acid solutions; thus, sodium
acetate is neutralized by hydrochloric acid with precipitation of sodium chloride.

nitrate solution gives precipit
Suli-tes that normally form hydrates

Manufacture
acetie acid on a commereial seale have multiplied with
the rapid expansion of the chemicat industry, shifting in the last hundred years from
natural fermentation processes to modern synthetic processes. Since the 19505
world’s aeetie acid haz been produced by dircet oxidsition
acid was produced by the oxidation
amounts are xtill produced by wond

The methods of producing

a growing proportion of the
of petroleun fractions. Until then, most acetie

or dehydrogenation of acetaldehyde.  Only minor
distillation. listorically, the aeetie acid industry began about 5000 years ago with
the production of vine ceognized by the aneients—
by the fermeytation of aleohol. that the
distillation of wood in retorts was used to obt thauol
The commereial availability of acetylene
acetaldehyde, which can be oxidized to ave
905 but did not become ceonomicully impor

aar-—the only acid reagent distinetiy r
It wis not until the late nineteenth century
ain ncetic acid as well as me
in the early 1900s led to
Lie acid; this
tant until

and acctor.
process for the production of
process was tried as carly as 1

1016 (19,20).
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ALCONOL FERMENTATION PROCESSES

This ancient process employs the acrobic bacterial oxidation of alcohol to dilute
acctic acid. Various acetic bacteria (Acetvbacter aceti, including A. curvum, A. orleanse,
and A. schuezenhachii) scerete an enzyme which promotes the oxidation of cthyl
alcohol, possibly through acctuldehyde, to ac etu, acid. The two-stage fermentation
reaction proceeds as follows: ' .

C:HLOH + 1/; 0; — CH,CHO + H,0
CH,CHIO + /2 0; — CH:COOH

The vinegar thus produced from cider, malt, or wine rarcly has an acetic acid
content greater than 5%; this rises to 12 or 149 if dilute alcchol is used. Modern
commercial vinegar production employs the Orleans process or the quick vinegur
process.

The quick vinegar process can be used for the commercial production of dilute
acetic acid (8-105;). Blackstrap molusses is usually employed as an aqueous solution
containing about 109} alcohol and 167 acetic acid. Large wooden tanks about 10
ft in diameter and 15 ft high filled with beechwood shavings are used as the “gener-
ators.” A false bottom supports the packing and permits the introduction of air as
well as the drawoff of the weak acetic acid. The alcohol solution is introduced at the
top of the tank through a sparger and is trickled over the beechwood shavings. The

weak acid is then recyeled until the concentration reaches about 109,. Acid concen- -

trations above approx 1297, however, tend to kill the bacteria. Phosphorus and
nitrogen compounds are often supplied as nutrients to promote bacterial growth and
thus yield a higher conversion of aleohol to acetic acid. The temperature of the
fermenting mass is maintained at 30-35°C by controlling the air-flow rate. A 75—
909, conversion of alcohol to acid viclds 0.42-0.51 1b of acid per pound of reducing sugar
in the molasses. Production by this method was formerly economically practical, up
to & capacity of about 10 tons per day (21). :

DESTRUCTIVE DISTILLATIO.\' OF ITARDWOOD

From the destructive distillation of h“ﬂ‘d\\’OOdS, raw pyroligneous acid liquor is
produced containing up to 7¢¢ acetic acid, 45¢ crude methanol aud acetone, 905 tar
and oil, and 807, water. The pyroligneous acid liquor is allowed to settle to scparate
the clear liquor from the tars. A prefiminary distillation removes xoluble tars and yields
a boiled liquor. In a now obsolete process, after the acids in the distillute are neutral-
ized with lime, methanol ix distilied off. and the residue of calcium acetate solution is

-evaporated to dryness. Distillation of the caleium acetate with strong sulfurie acid

and subwqucnt rectification produce acetic ac| id of g.,Lu ial strength together with
weaker fractions,

Direct Recovery Processes. Three major methods were worked out for recover-
ing the acetic acid from pyroligneous liquor direetly, without first forming calcium
acetate, and then using sulfuric acid: (1) the extractive distillation process, or Suida
system; (2) the cold liquid-liquid extraction process or Brewster system and its
modifications; and (3) the azcotropic distillation process, or Othimer svstem.

Examination of Figure 2 will show that the vapor composition line for the system
acetic acid-water is never far from the 45° line. Therefore, although the difference n
boiling point is 18.8°C, separation by distillation to produce cither component rewson-
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Fig. 2. Vapor-liquid composition curves: (1) acetic acid-water at 760 mm; (2) acetic acid-
cyclohexane at 745 mm; (3) acetie acid-isopropy! ether at 742 mm. Value of § = mole % of more
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ably pure would require a very large column, and a high reflux ratio and, consequently,
a high steam consumption (see Distillation). The three processes described helow
represent three solutions to this problem.  See also below under Acid concentration.
and recovery. , -

The Suida extractive distillation process passes the vapors from the distillation of
settled pyroligneous acid through a countercurrent serutbbing colwn to dissolve the
acid in 2 wood-oil tar fraction, while dilute methanol vapor is removed overhead 1o n
recovery system. In a dehydrator water is removed from the acid-wood oil solution,
which is then fed to a vacuum exhausting column to separate acid from oil.  The oil 1=
recycled and the acetic acid vapor is passed into the bottam of a rectifying column alo
operating under a vacuum and cquipped with reflux condenser.  Acid concentrated to
90-95%7 is withdrawn as liquid from the rectifier to vacuum receivers, and condensate
from the top of the column is serubbed with water to produce a weak 159 acetic acid.
The Suida system, one of the first of the direct processes, has been used in Furope
and in the United States; it does not yield anhydrous acid (22,23). '

The cold-solvenl extraction process in the Couhran modification of the Brewster
system vaporizes acetie acid and methanol from the pyroligneous acid in a simple pri-
mary distillation, leaving soluble tar behind. - About $56 methanol is removed overhead
in o methanol column while the dealeoholized liquor is cooled and fed to lm-ch:v.ni«':d.
extractipn column where about 986 of the acid is extracted by an ascending stream ol
cold ethyl ether (izopropyl ether and cthyl acctate have also been used as cx\r:u'_ting
agents).  From the bottom of the extractor, the water laver (rallinate) 1s stripped of
ether in an exhauster. Separation of the 2-39; acetic acid from the other in the extract
laver is accomplished by distilhtion in an evaporator and an cther column. Tither s
recovered overhend, rectificd, and reused, while crude acetic acid (F07¢) is discharged
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from the bottom along with wood oils and tar. The crude acetic acid is treated with
sodium dichromate as an oxidizing agent, and refined by either continuous or batch
distillation to concentrations ranging from 9055 to glacial (24-26).-

The Othmer azcotropic distillativn process pumps the settled pyroligneous acid to a

demethanolizing column from which crude methanol is removed overhead, wood oil
from a middle plate, and a 7-8%7 acetic acid solution from the base. This erude acid
is fed into a preevaporator to distill off acid and water to an azeotropic dehydrating
column. The preevaporator has o conical bottom for the removal of tars polymerized
by the addition of small amounts of sulfurie acid. A withdrawing agent (either butyl
acctate or ethylene dichloride) forms an azeotropic system with the water and acid
vapor in the dehydrator. The withdrawing agent and the water distill off as a low-
boiling azeotrope and then are condensed and separated into two phases: The toplayer
with withdrawing agent is returned to the dehydrating column as reflux wash, and
the lower water layer goes to a stripping column to recover the small amount of the
remaining withdrawing agent. Crude acid containing acetic, formie, propionie, and
butyric acids and some tar 1s removed near the bottom of the dehydrator and is then
rectified in otie or 1wo continuous columns from which acetic acid at concentrations of
99.5%, or better is distilled. This process requires a minimum of equipment and is eco-
nomical to operate with relatively small plants (27-31). (See also Vol. 2, pp. 850-853.)

SYNTHETIC METHODS

The major part of the world’s production of acetic acid is made today by the syn-
thetic rather than by the naturul processes. The principal synthetic processes cur-
rently employed include (Z) oxidution of acetaldehyde (qv); (2) direct oxidation of
cthanol (qv); (3) hydrocarbon oxidution (qv); and (4) methanol—-carbon monoxide
process, as well as other mixcellaneous methods,

Oxidation of Acetaldehyde. The production of acetic acid by acetaldehyde
oxidation has an extensive patent literature going back more than fifty years. It

. has been in commercial operation since 1911 in Germany and 1920 in the U.S.

Sinee the bulk of acctic acid in the world today is obtained from acetaldehyde, the
acetaldehyde processes enjoy a leading position in any consideration of acetic acid man-
ufacture. In many processes acetaldehyde is essentially an intermediate in the produc-
tion of acetic acid, and this section of this article should be read in conjunction with the
article Acetaldehyde in Volume 1, which describes four main routes to acetaldehyde:
(a) the vapor-phase dchydrogenation or partial oxidation of ethyl alcohol; (b) the
liquid-phase hydration of acetylene; (c) the high-temperature oxidation of saturated

- hydrocarbons; and (d) the liquid-phase oxidation of ethylene (32,33).

The continuous oxidation of acetaldehyde in the liquid phase is generally carried
out by using air or oxygen in the presence of manganous acetate. The reaction mixture

* containing acetaldchyde diluted with crude acid and manganous :ucetate solution is

circulated upward through the oxidation tower. Reaction conditions when air is used

. gre 55-65°C at 70-75 psi (about 5 atm); and when oxygen is used, 70-80°C at a pres-

sure sufficient to keep the acetaldehyde liquid. Oxygen is often diluted with 5% air
to slow down the reaction and 1o avoid overoxidation which results in excessive quanti-
tics of by-products. The reaction mixture is drawn off the top of the oxidation
tower and is distilled continuously in as many as three distillation columns. Crude
acid is fed into the top of the distillation column and other volatile components are
withdrawn overhead while a residue containing manganese acetate is removed at the
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Fig. 3. Continuous oxidation of acetaldeh'ydé in liquid phase.

bottom. A low-boiling forerun is taken off overhead in the second column and 99.6-
99.89 pure acetic acid is then taken off above the reboiler.  Bottoms from the first and
the scecond columns and overhead from the second column go to a third eolumn where
acefic acid is taken off as a highly concentrated vapor, which is condensed and delivered
to intermediate storage tanks (see Fig. 3).

The older batch process employed large aluminum-clad steel pressure vessels with
extensive cooling coil surface to control the temperature. Oxygen was introduced
through a sparger at the bottom to a mixture of acetaldchyde and crude acetic acid,
and manganese acetate solution was added to destroy the explosive peroxyacetic acid
formed at a temperature of 40°C. A 9-12 hr reaction time ended with sharp increase in
pressure and simuliancous drop in temperature. The reaction mixture contained 93—
949, acetic acid which was purified by distillation for a product yield of about 95%
(31-36). )

A modification of the acetaldehyde oxidation in which the eatalyst is a mixture of
copper and cobalt acetates is used for the simultancous production of acetic acid and
acetie anhydride (see below). '

Direct Oxidation of Ethanol. This oxidation proceeds as a highly exothermic
reaction of air and vaporized cthanol of high purity; the reaction takes place at 510~
550°C and 23-30 psi. - A very short reaction thme, iuflucnced by a silver-gauze catalyst,
permits conversions of 50-53¢( per puss with product yiclds of 85-9565. Exhaust gases
passing into a condenver and a serubber ab=orb both the acetaldchyde and the un-
reacted aleohol into refrigerated water.  Liquid taken from the bottom of the serubber
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Fig. 5. Liquid-phase oxidation of hydrocarbons.
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— © is a ternary mixture of water, acetaldchyde, and ethanol, the last two being
recovercd overhead after expansion in a flash -olummn. Both the ternary mixture and
the flash-column overhead go to an aldehyde column where acetaldehyde at 9997 purity

— is recovered overhead by ammonia-refrigerated condensers. The bottoms are rectified
in another column to recover 190° proof alcohol for recycling to the catalyst chamber
(see Fig. 4). K

Liquid-Phase Oxidation of Straight-Chain Hydrocarbons. In the presence of a

—

suitable catalyst this oxidation yields acetic acid predominantly as the end product
of the oxidation of intermediate oxidation products, such as esters and ketones.
Continuous oxidation of lower aliphatie hydrocarbons, such as propane, n-butane, cte,
— - Is carried out at temperatures of 125-225°C and under pressures of 200-2000 pria using
' air, oxygen, or oxygen diluted with an inert gas ax oxidizing agent.  Acetic acid and
other organic acids have been used as solvents for the hydrocarbons that undergo oxida-
tion. . Oxidation catalysts include a wide variety of organic aeid mietal salts. Salts of

p—
alkali metal and alkaline earth metals are used in different amounts s eatalyst moder-
ators to control reactions of the intermediate oxidation products, Compressed air and
butane are fed to thesreaction vessels at controlled rates, under conditions that ensure
——

complete consumption of the oxygen. The overhead vapors consisting of waler, un-
reacted hydrocarbon, and oxidation products are fed to a series of condensers that
operate at 0-120°C, und include a battery of air-type heat exehangers.  Nitrogen and
— other gases ure separated; the nitrogen goes to drive turbines for the compressors used
in the process, and the unreacted hydrocarbon is reeveled to the oxidation reactors.

; - The condensate is settled out iuto an upper hydrocarbon phase and a lower aqueous.
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phase. The hydrocarbon phase with dissolved oxidation products is also recyeled 1o
{he reactor. The agucous phase, consisting of water of reaction and water-soluble oxi-

~dation products, is treated through a separation train including acid concentration and

recovery units.  The lower-boiling compounds, esters, ketones, and alcohols, are sep-
arated from the aeid and the water and returned to the reactor. The primary separa-
tion of acctic acid and water is made in a distillation tower which concentrates the
acetic acid to near 100% in the base. The distillate contains about 15-20% acetic
acid, which is recovered by extraction and distillation. The acid is distilled in addi-
tional columns to remove the residual water and the higher-boiling compounds (see
I'ig. 5)- ‘

Direct oxidation of light petroleum fractions obtained from refineries, largely bu-
tane, has been successfully adapted for commereial production of acetic acid in Europe
since 1962 (37-18).

Methanol-Carbon Monoxide Synthesis. This synthesis has been employed by
Du Pont and is described in the literature for the dircet production of acetic acid in
a number of processes involving phosphoric acid, metal oxides on activated carbon,
and cobalt carbonyl as catalysts. A new process employed in the United States has
been developed by Badische Anilin- & Soda-Fabrik; this process uses methanol and

" carbon monoxide derived from an acetylene unit based on natural gas. Carbon mon-

oxide is first combined with hydrogen to produce the methanol which is reacted with
additional carbon monoxide to yield acetic acid.

CH,0H 4 CO — CH;COOH

The carbon monoxide gas is bubbled up through liquid methanol in a reactor at
about 410°F and 7500 pxig in the presence of a cobalt carbonyl catalyst. The reaction
products in the form of gas and liquid mixtures are drawn off the top of the reactor. The
gas stream is cooled to approx 100°F and is passed through a separator to remove un-
reacted alcohol for reeycling; then it is fed to the bottont of a earbon dioxide absorp-
tion tower into the top of which cooled reactor liquid produets are led. Carbon mon-
oxide is drawn off the top of the absorber for recycling to the reactor. Liquid bottoms
are decompressed to release absorbed earbon dioxide. The remaining liquid product
contains acetic acid, water, methyl acetate, and catalyst which are separated by dis-
tillation in a recovery section. A theoretical yield of 72C% acetic acid based on meth-
anol is expected, making allowance for by-product methyl acetate production (49-56).

ACID CONCENTRATION AND RECOVERY

For more than a century the separation and recovery of acetic acid from its
aqueous solutions has been of major economic importance to industry. The manu-
facture of cellulose acetate, aspirin, and the explosive RDX (eyclotrimethylenetri-
nitramine), as well as semichemical pulping, and other processes that use acetic acid
as solvent or raw material, yield large quantities of spent solutions of dilute acid. The
high reflux ratio necessary, which leads to high heat costs and excessive column di-
ameter, has generally precluded the use of simple rectification of these dilute solu-
tions. Three modern unit operations, now widely used for separation of industrial
liquids, were developed largely for the recovery of acetic acid from spent processing
liquors. The=e processes include (1) azeotropic diztillation, in which another liquid in-
creascs the volatility of one component of two close-boiling liquids and thus separates

them in cne column; (2) liquid-liquid extraction, in which differential solubilities of
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TN ~ the two components in another liquid are used to wash one out of the mixture by
. countereurrent action; and (3) extractive distillation in which separation is cffected b
by an agent or a solvent that is considerably less volatile than one of the feed com-
ponents. ‘ : :
- ) Many acetic acid recovery processes employ ceveral of these methods consecutively
for optimum heat economy. Extractions and extraetive distillations are normally fol-
lowed by further distillation operations, often azeotropic. A typical process (sce Fig.
~ 6) developed by Othmer uses an extraction and several azeot ropic distillation steps in
order *o reduce the heat costs of concentrating acetic acid. A sclective golvent sepa-
rates acid from water in the extractor (a), and then distills the water overhead in a first
— ageotropic distillation column (b) with low reflux ratio. The condensed overhead,
‘ which contains a small amount of acid, is returned to the extractor at a pomt with the

The bottom mixture is dizcharged to a second azeotropic distilla-

tion column (¢) to scparate acetic acid from the high-boiling xolvent by the addition of
- . another liuid which has much less solvent power for the acid than the solvent. Final
exhaustion in an azeotropic diztillation column (d) separates the «econd added liquid
dissolved in the acid layerina deeanter, and the solvent dissolved in the water from the
extractor is finally separated in a fourth column (¢). Thissolvent and the solvent from

same acid strength.

—
the base of the second azeotropic column ure recycled to the extractor (57-59).
— Materials of Construction ' ' N
Metals. Steady metallurgical advances tend to shift the emphasis in choice of
materials for the handling of acetic acid. Constant improvement in the character- .
— istics of stainless steel and aluminum alloys have led to inercased usc of these materials

In the past, copper and copper alloys were used most
acid; sieh as distilling columns for shell sec-

ability and low cost, but 11 corros:on
he modern

in this highly corrosive service.
™~ extensively in equipment handling acetic
tions and plates. Copper is favored for its fabric
fate is aceclerated by high veloeity and aeration, which oceur in many of t




]

Vol. 8 . ETITANOIC ACID 399

commereial processes,  Copper may be used in continuous recovery processes where air
can be excluded (60). ' o

The impurities present in the acetic acid, their type and copcentration, are ex-
tremely important factors affecting {he life of various materials.  Copper and its alloys,
as well as Monel and nickel, have exhibited greater length of service in formie-acetic
acid mixtures than in glacial acetic acid, although for austenitic stainless steel the re-
~ verse is the case.  For hot mixtures of acetic acid containing over 207 formic acid, and
at temperatures above 250°F, stainless st eel may not be as satisfactory as copper alloys
or Monel; for dilute acetic—formic acid solutions, however, molybdenum steels are
preferred to copper and nickel alloys. :
: At room temperature aluminum has a corrosion rate of roughly 1 mil/yr in acetic
acid of almost any concentration.  However, at higher temperatures the rate tends to
inerease as the acid is diluted. A penetration of 10 mils/yr is reported for 155 acetie
acid at 122°F, 7 mils for 607 acid, and 3 mils for 90%% acid. Aluminum (Types 28,
3S, 3003, and 61 ST) is considered suitable for use with the anhydrous acid and for in-

frequently used equipment, such as storage tanks. A major advantage of aluminum

construction is that minute quantitics of the metal do not discolor the acid product.
~When aluminum is used it should be shielded from electrolytic attack (particularly

from contact with wet ground) by wrapping or by cathodic protection (61).

" The avstenitic stainless steels with their superior eorrosion resistance are used
increasin-ly in acetic acid service. Low carbon-, molybdenum-, and niobium-contain-
ing types (304, 304L, 310, 316, 316L, and 347) can be nsed for all concentrations nf
acetic acid at normal temperatures. Type 316 stainless steel is used for many hot acid
cervices. Tests condueted by Fisenbrown and Barbis (62) under heat-transfer condi-
tions in 569 acid indicated that, at various levels of cliloride and sulfate ion content,
Type 316 stainless steel had the best resistance of the allovs tested. Type 304L showed
good resistance with 5.6 ppm chloride and 13.0 ppm sulfate, but at 20 and 25 ppm, re-
spectively, high corrosion rates were obtained. Aluminum bronze and aluminum alloy
No. 1100 had high corrosion rates at all levels of ¢hloride and sulfate content. In aeid
mixtures with 56 acetic acid and 165 sulfuric acid, Type 310 stainless steel showed the
_ best resistance; and with 5% sulfurie acid all alloys had high corrosion rates. The
austenitic stainless steels perform well under oxidizing conditions generally because of
the formation of an oxide surface film, whose formation has been shown to be a function

of time. Reducing conditions as well as chloride ions tend to destroy the film and at--

“tack the metal underneath rapidly. High tensile stresses together with chloride-ion
attack produce stress-corrosion cracking. Serious intergranular corrosion has also been
reported in heat-affected zones adjacent to welds in austenitic stainless steels used for

~ acetic acid service. Columns, bubble caps, stills, tanks, piping, pumps, and valves for
 acetic acid service are fabricated from stainless steel, preferubly of welded and flanged
construction. Type 304 stainless steel is used widely for storage tanks and tank cars.

The high alloys, with relatively. large percentages of nickel, notably Hastclloy B
and C, are suitable for service at all concentrations of acetic acid and at all temper-
atures. High cost and diificult fabrication, however, limit their use to critical applica-
tions where impurities are present. Thie Chlorimet allovs, which are also high in nickel,
have gnod resistance to acetie acid and are most uscful under oxidizing conditions.  In-
~ conel, another high alloy, is fairly resistant to the weak acid and is preferred to Monel
for dilute, highly aerated solutions, however, it is not recommended for hot, concen-
trated solutions. ‘
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Nickel-copper alloys such as Monel have zood resistance to unaerated solutions of
qeetic acid at all concentrations and at atmospherie temperatures, but the corrosion
rate is greatly increased by aeration to about 8 mils/yr in acrated glacial acetic. Its
use for hot acrated solutions is not recommended. Monel has been extensively used
in pumps, reactors, heating coils, piping, and agitators for acetic acid service in un-

aerated solutions where sulfurie acid is present.  The austenitic cast nickel-iron alloys,

called Ni-Resist, have been u=ed for unacrated solutions mostly at room temperature,
and also for weak acid service at higher temperatures (63). .

Cast iron and carbon steels are not recommended for acetic acid service. High-
silicon irons, however, are used extensively in this service for valves, piping, pumps,
towers, etc, independent of acid concentration, temperature, and degree of aeration.
Brittleness, liability to damage from thermal shock, and costly fabrication methods are
the major limiting factors to more widespread use of these materials.

Qilver resists corrosive attack by aeetic acid at all temperatures and all concentra-
tions. It also has the advantage that its colorless organic compounds do not impair acid
color. Where high mechanical strength is required, silver-clad materials or shrunk-fit
linings are employed, especially for high-pressiive or high-heat-transfer vessels (64).

Where good heat-transfer surfaces are required under severe corrosive conditions,
tantalum has also found some application in this service. It shows excellent resistance
to all concentrations of the acid at temperatures up to 175°C, and is mostly used in the
fabrication of heaters and condensers. .

Nonmetallic Materials. Plastic and ceramic materials are used in varying de-
grees for coalings, linings, and gasketing materials. '

Stoneware is inert to acetie acid at all concentrations and temperatures, but has
‘the disadvantages of relatively poor thermal conduetivity and high initial cost. Stone-
ware and poreelain have been used for veszels, pumps, absorption towers, piping, etc.

" Glass-lined steel is used in piping and other equipment handling acetic acid at all.

concentrations at atmospheric temperatures.  As temperature increases, however, glass
is subject to an increased rate of attack. Brittleness and susceptibility to damage from
thermal shock are further drawbacks to the use of glass.

~ Carbon and graphite in their impervious forms are suitable for use up to the
boiling point of acctic acid. Excellent heat-transfer properties have encouraged appli-
cations in heaters, evaporators, and condeusers particularly. These materials have
also found use in contact with acid mixtures such as acetic—formic and acctic—sulfuric
acids. ' : )

Rubber and synthetic-rubber compounds display a broad spectrum of resistance
to corrosion by acetic acid. In general, however, as temperatures and concentrations
increase, these materials become less satisfactory, and to some extent may cause dis-
coloration of the acid product. Tard rubber resists all concentrations and ean be used
at 120°F in contaet with glacial acetie acid. ‘

Plasties, although generally lacking in resistance to mechanieal abuse, to most
solvents, and to high temperatures, do not corrode clectrolyiically as metals do, and are
not as greatly affected by changes in acidity, oxvgen content, and impuritics. Poly-
tetrafluorocthylene (PTEFE), which ix used for valve componeuts and valve packings,
resists most chemicals and retains its properties up to 500°1. Polyethylene, however, is
not suitable for acetie acid service since it permits the acid to diffuse through. DPoly-
(vinylidene) chloride has been used for pipe lining in service up 10 70°C where =suflicient
regard has been given to inereased brittleness at higher temperatures. '
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. Production and Use
— Acetic acid exceeded the billion-pound annual production rate in 1963 to become

_one of the fastest growing of all chemicals—surpassed only by nitric acid and ammonia
in rate of growth and total poundage consumed. Acetic acid showed a growth-rate
pattern in the period of 1948 ta 1963 of 6.29% per year or nearly one and two-third times

- - faster than the Gross National Product during the same period. Acetic anhydride

- achioved an annual growth rate of 3.3¢7 in the same fifteen-year period.
In the five-year period from 1959 to 1964, acetic.acid production had grown from

—_— 672 million 1b to 1112 million Ib, amounting to about 75% of total available capacity.

‘ In the same five-year interval, sales or consumption of acetic acid grew by about 140%,
averaging about 19 growth/yr.  All of this growth is attribuied 1o the new synthetic

- processes, since the production from pyroligneous distillation of wood declined from

' 90.8 million Ib in 1950 to about 17.0 million 1b in 1964 (sce Table 1).
~— Table 4. U.S. Acetic Acid Production, 1950-1964, million 1b
Acetic acid
* c - Year From wood Synthetic . Total ‘
1950 20.8 R 441.2 462.0
1951 19.4 v 454.0 473 .4 .
1952 23.2 382.9 406.1
P ‘ ' 1953 20.4 : 477.7 498.1
' ’ 1954 19.0 412 0 461.0
1955 22.8 524.0 547.2
1956 22.2 9.8 572.0
p— ; 1957 19.8 524.4 514.2
) 19358 20.3 516.2 566.5
1959 23.5 04S8.7 672.2
. 1960 23.7 741.0 764.7
o~ ) 1961 19.9 764.0 783.9
1962 17.2 - 968.6 . 985.8
1963 17.0 1,028 1,045
1964 17.0 1,095 1,112

~ The largest single use for acetic acid is the production of acetic anhydride, which
— . in turn is used to manufacture cellulose acetate, plasticizers, and pharmaceuticals.
' Cellulose acetate accounted for approx 459 of the acetic acid consumption in 1964.
This use has grown almost by 405 duriug the five-vear period from 1959 to 1964, aver-
aging about 79 per year. In the same period, anhydride consumption for cellulose

p—
acetate production increased from 720 million Ib in 1959 to 1 billion 1b in 1964. Cellu- -
lose acetate finds greatest use in the production of acetate textile fibers, and s also v
employed in making lucquers, photographie film, transparent sheets, and thermoplastic

molding compoundx. See Acetate and triacetate fibers; Cellulose derivatives; Cellu-
lose derivatives—yplastics. . .
Vinyl acetate is the second-largest outlet for acetic acid and, from 1959 to 1064,
-— has enjoyed an average annual growth of nearly 1195 per year. A major vaw material
for vinyl plastics, vinyl acetate is also employed in the manufacture ol latex paints,
adhesives, and textile finishes. Scc Vinyl compounds and polymers. :
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The production of acctate esters consumes significant quantities of acctic acid.

- Methyl, cthyl, butyl, propyl, and amyl acetates find broad industrial use as solvents in

the lacquer, plasticizer, and pharmaceutical fields, Ethyl acctate, for example, from
1948 to 1963, enjoyed an average annual growth rate of 3.99 per year and is a
general solvent used in lacquer aud plasties manufacture, as well as for flavorings, per-
fumes, and organic syutheses.  Acetate esters accounted for roughly 169 of the acetic
acid consuniption in 1961. Sce Esters. _
Chloroacctie acid (sce p. 415) and acetate salts also econstitute major outlets for
acetic acid. Sodium acetate accounts for 60-659; of the consumption for all acetate

. salts including ammonium, copper, potassium, and zine acetates. Sodium acetate

finds application as a neutralizer and mordant in.the manufacture of leather, textiles,
and dyestuffs, as well as in photographie films.

Textile-finishing operations consume considerable quantities of acetic acid.
Significaut amounts are employed also in the production of nylon and of some acrylie
fibers, as well as for dyestuffs and pigments.

The pharmaceutical industry continues to consume appreciable amounts of acetic
acid in the production of vitamins, antibiotics, hormones, and similar products.
Peroxyacetic acid and various rubber and photographic chemicals constitute a minor
fraction of acetic acid usage (69-71). '

Analysis and Specifications

The standard method of assay for glacial acetie acid (more than 99.497 acid) is the
freezing point method and for dilute acid strengths titration with a stundard alkali,
such as sodium hydroxide, using phenolphthalein as the indicator.  Water content in
concentrited acetic acid is normally determined by the INar] Fischer iodine method.

The color of various basic acctates of the rare earths (eg, the blue of lanthanum
acetate with iodine) gives a valuable means for unambiguous identification of acetic
acid. Increasingly, the use of gas-liquid chromatography, however, has become the
method of choice for both separation and identification of acetie acid (65,66).

Sensitive areas of application of acctic acid, such as in the drug, food, and solid-
state electronies industries, have increased tlie importance of analytical procedures for
trace impurities. Such impurities may include traces of formie acid, esters, aldehydes,
sulfurie acid, sulfates, sulfurous acid, sulfites, chlorides, nitrates, arsenie, copper, lead,
zine, tin, iron, and other metals, depending on both proces< and equipment used.

Formie acid determination is made with mercurie chloride or lead tetraacetate.

Formice acid reduces mercurie c¢hloride to mercurous chloride, which is insoluble and

«an be determined gravimetrically. Lead tetraacetate (when used in exeess) is reduced

by formic acid, and the remaining reagent can be determined jodometrically.  This
method is preferred sinee it reqaires less time and is dess subject to interferences.
For esters, add alcoholic hydroxylamine hydrochloride and aleoholic potassium hy-
droxide until the solution is alkaline, warm until effervescence begins, and then cool;
acidify with hydrochloric acid and add a drop of ferric chloride solution; purple color
indicates esters. | Aldcehydes can be detected as bisalfite addition compounds, or by the
addition of 2,4-dinitrophenylhydrazine in methanol soltion with hydrochlorie acid
and neutralization with methanolic potassium hydroxide; a brownish-ved color indi-
ales aldelivdes, The acid dichromate test ay be used o deteet formic acid, formal-
dehyde, and redueing substanees such as occeur in wood tars,
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— Sulfates and chlorides, diluted in water, arc identified by the formation of precipi-
tates with barium chioride and silver nitrate, respectively; sulfites are identified by the
deeolorization of starch jodide. ‘
— The following specilications indicate the chemieal purity of acetic acid: purity,

99.85% by wt (min); spectfie gravity, ab 20/20°C, 1.0505-1.0520; distillation range,
1°C, max; initial bp, 117.3°C, min; drying-up point, 118.3°C, max; freczing point,
16.35°C, min; color, 't-Co units, max; water content, 0.15% by wt, max; formic

~ acid, 0.05% by wt, max; acetaldehyde, 0.055% by wt, max; iron content, 1.0 ppm,
max; heavy metals, 0.5 ppm, max; chlorides, sulfates, and sulfurous acid, 1.0 ppm,
max; permanganate time (ACS test), 2 hr min (67,68). ‘
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ﬂn_;\ Biocdum.3 :3&5-3‘ INTRODUCTION

Certain aliphatic aleohols, aldchydes, ketones, terpenes, phenols,
hydrocarbons, certain amines, aromatie acids, and many heteroevelie
nitrogen compounds are detoxified by conjugation with glucurcnic acid
(1, 2, 38, 4). Many of the compounds thus detoxified are medicinal
agents (5, 6, 7). Tt has been suggested that ghicuronie acid might be
used clinieally to decrease the toxicity of sulfonamides (8) but the
difficulty of preparing glueuronic acid in any degree of purity precludes
the practical application of this procedure. It was therefore deemed
advisable to seek a simpler chemieal which would increase the formation
of glucuronie acid in the body.

Procepunre

Glucuronie acid (GA) content of the urine was determined by the use of
taphthoresoreinol according to the technique of Maughan, ef al. (91, As pointed
out by Bueding (10) limited accuraey is achieved in applying any naphtho-
resorcinol method for GA,  Some substances {(glucose, ete.) inhibit the eolor de-
veloprient; others (mueie aeid) tend to inerease it. To eireumvent this lack of
specificity in method, the positive experiments were cheeked using the method of
Quick (11) and the newer method of Bueding (12).  Wisfelt by the present authors
that the napthoresorcinol method can be safely applied to a dilute medium such as
urine. Thisisin accord with the reports of other groups (13, 14, 15, 10}, Meyer,
el al. (15) stated, “*None of the methods available gave accurate vesults for uronie
acidy in native fluids, with the possible exception of normul urine, since carbohy -
drates and other compounds containing exrbonyl groups as well as proteins and
their decomposition products interfered.””  In the experimental studics here re-
borted, if, for example, mucic acid was being tested for its eiffect on GA excretion,
a check was made using a solution containing an amount of the mucie acid cqual

325
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to the amourt of GA determined, If at this concentration, the mucie acid gave a
significant color, the <ories was discarded.  Glucurone, prepared by the method of
Williams (16) wus used as the standard for all determinations.

AN other chemicals unless specitied were chemieally pure reagent grade. The
animalswere housedin metabolismenges and urine saples collected under toluene
for 24 hour periods after the oral administration of the chemical under test.  Glass
wool nnd specind filtering devices prevented contamination of the urine samples.

TABLE I
The L ffect of Various Compounds on Glucuronic Acid Excretion in the Rat

cerophosphate, glycolic acid, sodium cthyl oxalacetate, tartaric acid,
and calcium phytate also deereased. GA excretion, but variability of
results prevents o final statement. I umaric acid, citric acid, glucurone,
and nucleic acid had little effect.

Of the amino acids tested, histidine, glycine, and alanine decreased
GA excretion. Tyrosine and cysteine increased the excretion of GA.
Cvstine had no offect. Table 11 presents the results obtained. The
resulte with ammonium chloride and sodium bicarbonate are included

(Values in mg./kg. of rat for a 24 hr. period) to show the effect of disturbance in alkaline acid balance.

Compound \\ Dosage E Glucuronic acid excretion ) TABLE II
B e b R lemme memm s e T T ——— 2 Tari Amino Actds Clucuronic Acid Excretion in the Rat
¢ ) kg, | 80 my./kg.  Av. value jor 16 sets of 12 rats The Effect of 1 (frwus .imnm o .sron ot o ‘ iod ’
SOMETOL oo ‘ 7-/kg- \each. Maz. 96.2 my./ly., Min. 73.4_7715]./’1\0. (Values 1 mg./kg. ()i&ji(l!} 24 hour DCN‘_’J -
Dihydroxyacetone ... L4 l‘ 120.0 | 104.5 ! ‘ ‘ Compound 1‘Dosm:,c\ Glucuronic acid excretion
Glyeerine . ooooereens | 11180 153.0 | 111.0 1 135.0 | | o I .
Lactic Acide oo one | 2 17.0] 9850 119.0 ‘\ 140.0 | 127.0 l 91.0 | g.7kg. \ ‘
Ca Glveerophosphate. ... P4 1109.01 60.01 440 ! L L e |
Pyruvie Acid . |2 jaa |3 s \ a7 | Mistidine. .oooooeeeeet o \\ i \ 361 :;g 5: | ™ :
Acetic Acid. e b2 | 85 105 | 8L 18 | 5| Cystine.......oooomerrn i in s ‘\ - o 60 | a8 51
“tveolie Ac U 65 | i GLYGINe ..o 8 73 5 \
Glveolic Acid. ..o 2 65 1101 85 | | d ! \ 4 130% | 130 151 \ 190 | 141
Na Ethyl Oxalacetate ...l 2| 62 | 92 IO ¢ \ 96 '1_‘3'r03}ne ............ o o 12.8 150 | \
Partarie Acid....oooreene- 2 120 58 | 41| Cysteine Hydrochloride... .- - e
Gyceeinie Acid. e ! 4 ll 104 156 ‘ AlRDERC. v o er Tt l‘
Malie Acid. . oo L4 231 178 ' )
7 ‘l ari ( H l \ l Ammonium Chloride.........- ‘ 2 46 61 55
Femaric Aeid.ooooeen 4 69 83 . : | x 80 58 51
Citrie Acid........ DU 6 . 86 99 ‘ 80 98 “ Qodium Bicarbonate..coooee e l 2 l‘ 51 ‘ l
\l“ ° 2 ". b ‘. ............ H 2 | - . . 3 M
‘&i‘c}"»;’l\tld i l 13)2; ;0?, ! * Rats receiving stock diet -+ 10% I-tyrosine. -
HONC. oeeeeen et v o salue T s y for 10 sets of 2 rats in each 8et.
Ca Phytate...ooooovoeneen 4 I 58 Lach value represents the average for ¢ ,
Glyeerine + Malie Acid .| 4eca.| 106 ! . . . . . . .
Adenylic Acid -+ Malic l | ‘ With the cxception of riboflavin deficiency, all tche vitamin deijmlen'cy
ACHE e 0.5 &4 210 ! states resulted in 2 marked decrease in the excretion of glucuronmc acid.
\ ' i
Adenylic Acid..oooeon 0.5 {134 158 ll Table Til lists the results and includes a value showing the cffect of 48
Nucluie Acid. e 4.0 \ 9z | 108 P | hour starvation on the excretion of the acid. All values Pflesmlt)ed are
R —— — far conin B . civen vitami iency they became
Fuch value represents the average for 10 sets of 2 rats in each set. for rats takenin &' stage .Of a given v1tam1.n deﬁ(‘l(inf:} before they v
Rist ‘ o moribund and while their f ood consumption was otill adequate to prevent
ESULTS : : -

{he intervention of the starvation factor. o

With the sulfonamides, the results were variable. In acute expern- j
moents all tended to increased GA exeretion excepting sulfapyridine. ;
Sulfnguanidine was tried in & chronic exppriment in which it constituted |
295 of the diet. Under these conditions the rats after two months on

Tuble I presents the results obtained with carbon compounds. In-
clusied in this table are adenylis acid and nueleic acid.

Diliydroxyneetone, glycerine, and lactie, succinic, gaccharic, malic,
and adenylic acids increase GA excretion in the urine. Pyruvie acid
decrensed exeretion of GA.

It is helieved that acetic acid, calcium gly-

the diet showed 2 marked drop in the excretion of the organic sugar acid.
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. TABLE I
The Efect of Various Vitamin Deficiencies on Glucuronic Acid Excretion
(Values expressed in mg./kg. of rat for a 24 hr. period)

Deficiency Urinary glueuronie acid content
Paninthenate... .- - - - LTS S R ‘ i
3, Thigmine, ... oooooooe P20.9 . 45.8 i
Bs Riboflavin. .. oo e sy . 39 T | 107 103 | 127
D 20D 338 48 | 105 1
A e bz oS0 | 2T i
E. SRR 23 T 1a2] M

B¢ Pyridoxin.... ..

Starved $8 hrs. oo o P20 !

\|
\ =
............ ‘138\13311 \ lx \
I
' !

Each value represents the average of 10 sets of 2 rats each.

TABLE 1V
The Effect of Various Suljonamides on Glucuronic Acid Ezcretion in the Rat
(Values in mg./kg. of rat for a 24

hour period)

Sulfonamide “ Dosage | co}r\n(‘;l)((i)%(;d 51:)1‘[);56- “(ilucuronic acid in urine
_,,_—',_____-——._—‘-——-——--_— —— [ ,__.,‘__-—————-—-————-—

. ! g.7kg-. !g./l:'g.‘ : | ‘ \ :
Sulfanilamide....-.. |2 L ‘83 "118\ 84 | 110
Sulfanilamide....... b2 | pyruvie Acid | 4 |76 | | |
S anilamide .1 1 | Glucurone BERCE i
Sulfanilamide....... 2 ‘ Lactie Acid 4 | 75
Qulfanilamide.... ... 2 | Sodium Ace- | 4 |a7 \ .

tate \
Sulfanilamide....... 2 Malic Acid 14 94 ‘
Sulfupyridine. ... ... 4 | 59 |31 |28} |
Na Sulfathiazole. ... 1 l210 (134
entfadinzine ... 6 97 | 60
© PMaguanidine.... .. 29, diet, ) : 11.5| 28.8]
2 months i ’ ‘
N R SN U S Ee

e
Tach value represents average for 10 sets of 2 rats each.

Tests conducted with sul fanilamide plus a compound krown to produce
nee elfeet, positive or negative, on the exeretion of GA showed that the
L fenamide tended to return all values to a more nearly normal figure.

i

£ .
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DiscussioN

The objective of this work and of a companion effort (17) was to deter-
mine methods by means of which decreased acetylation and increased
glucuronic acid formation could be brought about. The hope was that
certain compounds might force the detoxication, particularly of sulf-
anilamide, away from acetylation and into combination with glueuronic
acid. The literature contains ample evidence of the probability of this
concept.

Our results in vivo in rats confirm those of Lipschitz and Bueding (18)
in vifro using rat liver, in that dihydroxyacetone and lactic acid increased
{he formation of GA; but they differ in that we did not observe an in-
crease following the administration of pyruvie acid, actually finding
deercased exeretion of GA. Quick (19) reported that lactic neid de-
creased GA formation in dogs, a point of dissimilarity with our findings
in the rat. Ilis result with glveolic acid 1s confirmed by our work.
Another point of dissimilarity is in our observation that alanine de-
creased GA excretion, which would be expected i alanine were converted
into pyruvie acid by oxidative deamination. Here, our results are in
disagreement with both Lipschitz and Bueding (18) and Quick (19).
Adeline (20) found that glycine, alanine, arginine, tyrosine, and histidine
inercased the output of clucuronic acid. In our experience alanine,
glycine, and histidine decreased glucuronic acid formation, while tyrosine
and cysteine increased its formation. It is probable that all seeming
discrepancies observed ave merely the result of dosage und species
differences.

‘The sequence of potency with regard to stimulation of GA formation
is in the order of decreasing effect: glycerine, dihydroxyacetone, and
lactic acid. It is therefore suggested that the three carhon unit pre-
cursor sequence is from dihydroxyacetone phosphate to glvcerophosphate
and finally to phosphoglycerie aldehyde, which then condenses to o siX
carbon unit, .

The phosphorylation of the precursors of GA was suggested by

Lipschitz and Bueding (18). This work is corroborated by our observa-

tion that adenylic acid inereased GA excretion. It is suggested that
the high phosphate potential of adenylic acid aids in the phosphorylation

of the three carbon unit precursor of GA. Turther, this concept is

strengthened by our observations that certain dicarboxylic acids, parti-
cularly succinic and malic, markedly increase the excretion of GA.
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Ialekar (21) demonst rated in experiments with kidney extracts that the
oxidation of dicarboxylie acids such as suceinic, fumaric, and mulie, gives
rise to Vigorous phosplmrylati()n of various substrates. TFrom the more
recent work of Colowick, ¢f al. (22) the coneclusion is drawn that the gen-
eration of energy-rich phosphate originates with the dehydrogenation
step from wuecinie to fumarie acid. It is therefore sugrested that sue-
cinte and malic acids inerease GA exeretion in the vat by facilitating the
phosphiorylation of its three carbon unit precursor.

In riboflavin-deficient rats, the GA excretion 1s <omewhat increased,
thig constituting the exeeption to the general rule of decreased exeretion
i various vitamin deficieney states.  Riboflavin is involved in many
enzyiue systems, among these the dehivdrogenation of mualic acid
muscle, of lnctic acid in muscle, cte. This might lead to inereased
concentrations of eertain four carbon dicarboxylic acids and of eertain
{hree carbon units which lead to iner ased GA formation. The lactic
actd oxidase systemn would be defeetive and prevent lactie acid, a com-
pound stimulating GA production, from being oxidized to pyruvie acd,
4 compound inhibiting its formation.

It is much more difficult to explain the results scen with the other
vitamin states. Liver pathology observed in rats in some deficiencies
may explain defective GA synthesis.

Seudi and Rolinson (23) have reported that sulfanilamide, in contrast
to sulfepyridine and sulfathiazole, does not stimulate GA output. The
work emphasizes the high percentage of sulfapyridine, some 40¢% of
which is found in the form of a highly soluble glucuronide. This work
and thut of Weber, ¢ al. (21) conclusively,cstublishcd the fact that
sultupyridine in the dog is followed by the appearance in the urinc of 8
glicuronice of o hydroxy derivative of sulfapyridine. In our experi-
ments, sufapyridine clearly depressed GA excretion. It should be noted
amiin thut our cxperimcnt‘al animals were rats, whereas Scudi and Rob-
inson (23) and Weber, et al. (2%) used dogs. Gulfanilamide, in OUr
experience, increased to a slight degree the excretion of GA; sulfathiazole
inereased it to 8 marked degree; sulfadiazine had Little if any effect;
and sulfaguanidine fed chronieally resulted in o profound decrcase.

SUMMARY

. ! ! . ) . » . . v . . 1
ibydroxyacetone, glycerine, lactic acid, succinie acid, malic acid, anc
adenylic aeid markedly increase glucuronic acid excretion in the rat.
Of the amino acids tested, only tyrosine and cysteine had a positive

——————
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effect. With the exception of riboflavin deficiency in which there is an

- inerease in glucuronic acid excretion, all the other deficiency states

showed deercased excretion of this acid. The effcct of sulfonamides on
the excretion of glueuronic acid by the rat was studied.
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REPGHRT ON ACHTIC L\“) rror H*IUL ACID MOLD
lH HBITORS IN BIRISAD

Ly Py 11 MeRovees (Food and Dirag, Administration, Depart-
ment of Health, Edueation, and Welfure, San Francisco, California),
Associate Referee

Tn the previous reporls on this subject (1—-3, 4,6, and 7), two methods
were deseribed for the determination of acelic and propionie acids in
Drend. 'The main purpose hag been Lo provide means for the deleetion
and eotinmation of propionates added as mold inhibitors. While acetic
acid i onormal in bread, the presence of excessive amounts would be
Cinedidive of llm ul(huuu of vineear or of chemicals such as sodinm

Il

i
C o prettowine the adoption of the method deseribed in the 1950 report
(b, 6), the Referee on cereal products recommended that additional
coitbortive studics be made with bremds other than white bread;
pith, ead and whols wheat hread with: added propionate and sodiim
dineutoie were sueeested. Altention was also ealled to the possible pres-
ehee ob hubyrie acid which might interfere with the chromatographic
cenatation of propionie acid. e alio referred to the faet that Leetie aeid
may he wied e eapned hread-— primaily intended for Armed Serviees
rabion—ond anked thal experiments be condueted to determine any in-
teaferenens from this rouree,

Thin report covers the roquested collaborative study of the method (6
for e determination of propionie and acetie acids in itk bread and
vebols whool bremsd, Besudts of the seven eollaborators ave reported and

o ornd o be i good agreement. There data substantiade tindines ot
provion: sludies on white bread, W hile there wis some mdication ol trace
wnotd of seids higher than propionic acid, the preseuee of butyrie acid

wan nol confirined (8). Po determinn il inde I'vn‘.nw‘u are caewed by budyre

N VS l(vllml uf {Suln-mvnnillm 1) and wetbon of the Associalion, see Ehis Jorrnal, 3o, 61 (103),

) Y oy oy Ty oy

5 )
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or Inetic neids, the Associale Refereo condueted experiments in which

“mixtures of formie, acetic, propionie, butyrie, and Inetic acids wore added

o authentic control bread. There was no evidenee of interference from
lnetic acid. Butyrie aeid interferes in the eflicient separntion of butyrie
and propionic aciils where the concentration of |)|<>p1mm- neid approaches
20 mg (abont 1.6 times-the usual amount of propionie acid in haked
Lreid containing added propionate) in the 5 gram silicie acid chromato-
araphic colmmn, Under these conditions, the threshold volume for pro-
pionie acid i within o fow mbof the preceding butyrie acid. Where propi-
onie acid is present in the amount indicated and where there are indica-
tions of butyrie or other higher acids—i.c., visible hands below the propi-
onie aetd band <5t is recommended that a Tonger tube with about & 10
oram charge of silicie aeid be employed, A suflicient spread in threshold
volimes between butyrie and propionie aeids is thus obtained to allow
efliciont separation,
COLLABORATIVE ANALYRES

The bread samples were prepared by the Referce on cereal products and
transmitted to San Francisco by aiv express. The following informalion
was cupplied

Bused on the weight of flour used (310-315 g per loaf) the formula
was: 3 per cent shortening, 2 per eent salt, 2 per cent yeast, 3 per cent
stgar, and 1 per eent dry skim milk (only m the whent smnploq) Whole
Bguid mille was used for the milk breads. Caleium propionate and sodium
dizeetate were added in the amount of 0.63 g per loaf (0.20 per cent in the
flour or 0.13 per eent in the finished bread). These breads were fermented,
proofed, and baked by common procedure, Baking was al 425°1. for 32
minutes.”

"T'he weight loss during the one day shipping period was from 2.5 to 4.2
per eent, The breads wsed were:

(1) Milk Bread with propionate: 4 loaves; (2) Whole Wheat Brcad with
propionate: 1 foaves; (3) Whole Wheat and, with sodium dmcetatc. 4
loaves. Two loaves of cach kind were reserved for conlrols.

The loaves in each category were sliced and divided into two portions
be taking alternate slices. One portion was prepared for analysis on the

fresh basis and the other was air dried (6). One pint subdivisions of the .

prepared fresh breads were preserved with washed chloroform as directed

in the methad (6) and were submitied to six collaborators. They were in-

etructed as follows:

“Yoaeh jar containg ahout 5 ml of washed chloroform and should be kept tightly
closed before the initinl apening for the analyses. Roll the closed jar to mix the snm-
plo tharouphly and breadk up any elumps of bread particles,

“Analyze the three samples far acetic and propionic acids as outlined i the
method given in This Journal, 34, 284 (1951).

“I{ should be stressed that the threshold volume for propionic acid will vary

lcs
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widelv over the range of concentration found in bread and thatidentification of this = 5
P . . . WD s
acid by threshold volume alone must bo based on provious determinations of several LA [N - © &

. . . . . LA . t
known concentrationa similar to those described on page 239 (Scee footnote No. ;3{ R © N o 0 ﬁn
5, proes 280 and 2090.) § - - hd @ © | g

N . - . . . N G
S here iasome possibility thal hutyrie neid may he present bamounts not lnrgo ey - . e A
. enouel to provide a visible band o the chromatographie column, IHowever, o = w e "é
. i . . . . . . . - L i
litration of the forerun eluate that i reater than the blank titration is an indicalion g ~ D I £ @ w j e o |0 =
- . L . . Lo S s | . < 2 - : +
of Uaees of higher acida, 1T time is available, the analyst is requested to determine I e b R R e B ezl a @« 1}
if butyrie neid in present by the formadion of mercurous bulyrate erysinls [This d X ] 1]
Jowrnal, 28, 614 (1915 ~ . - A SR . ‘2;
“Annlyze ench sample in duplicate and report the following data: B =2 9, 3]
! C Litendd o1, 0 5 | . =t i I o | @ R
(1) Blonk titention, 28 ml CB 1 cluale E el Sl Sl el 8 - = e o ; S
. . . . = N — - o ~ o
(2) Torerun titention (to first band) CB 1 cluste 3 “ LA B ST T ] w |
. =]
(%) Number of handa observed R I o a
(1 Butyric acid (indicate if present) ’ - | YT - f;:
(5) I'ropionie seid = 2 o | o +a | w =
"Threshold volue inml Plelo | . ;;’ waR ;.‘; 0 = | o | Y
| - - ~ o <R ) @ |
Nyp/ton ¢ : o
: o
(6) Aentic acid ' STy e e e — S ,g
Ty v i : N -
Phreobold volume in ml . &3 o | - 5
M /100 g I N R b g <+ oo | n 9
- § . . . =) = ~H [ Y 5
(7) Formie acild : \CJ ;: =l B meo | o Ak
Threshold volume in ml % - i
“lior heat comparison of threshold volumes, the analysts are reqnested to change . YT T T s —— ¢
the mobite solvent from CB 1 to C13 10 at 40 wl of CB 1. This is about midway i <2 & e
] S i " 5 : : ;;, aw | o N N 3
between the propionic and acctic thresholds, k4 ol S 2 e @ . #
o ~— = o n - ;\ :w 3 — et v [
- [ ~ - o o oo ©
g M (2 [l o
Phe collaborative analyses of the three snmples of fresh breads pre- . ~ ~ e
X . - . 3 T T Ty T o — e o
sorved with ehloroform are tabulated in Tables 1, 2, and 3. Those of the —18
. . - - - 0 n
Avoeinta Qeferce are listed under Collaborator No. L. The names of the wle 2 ® s | o0 0 c:
. . . X . =} - .. . 4
olhers and corresponding numbers are given in the section devoled to R IR P “eR e o8sle 21l
= <
collaborafor comments, _ ]
Lo . . B e s — b Cl
o acddition Lo the shove-deseribed analyses, the Associate Referee ann- : N — 2
o . T > : o ) [
lyzed goraples Nows. 1, 2, and 3 and control bhreads when they were first A A a o |13 Ny | e 2
. . - . . " e o o o o ; - .. . &
propaved freche avithout addition of chloroform, air dried portions of the ¢ | " ®Hm | o gm e 2 |
. . . . g
sare, oned samples of the celeinm propionate and sodium dincelate that = 2
. . A . £ T Ty T T e e LU | o
were added provious to baking, Additional data were thus provided for v wl o= 3
. H B R o3 fon o
compavison of methods of sample preparation. The resalts of these bread & S = = N
© e S o | =t 2.
analyaes are tabulaled in Table 4, = R m m &
The ealeinm propionate and sodium dincetate were analyzed by the kS Bt R :)_ (i) 5
. . . P ' o -
following deseribed procedures: sl lz = = — | 8
. ) . . . , R 3 O 83
() Caleinm propionate—A weighed portion of 2.5 5 was diseolved in 11,0, made ® Eld | = et = O
S . 2 bl 3
to 250 ml, and an aliquet of 20 mb was made to 100 ml. Acetie acid (ea § ml 0.1 N, & & & £ 3 g -~ \E/ - g d:‘;
. . " - L = = b . ~ oy
wirs ther oelded to 10 ml of the foad ditn, The mist, was made alk, to phenolphtha- g 3 o1 8 5 o~ 3 __: fé = g.g
. . . . IE RO . - 3@
lein and evapd to dryness, Propionie acid was then separated on the silicie acid eol- ‘;:’ cle oA o ~ 2 ~ g | A
. . . . . H . [SP%)
i s deseribed in the hread proeedure, using the added seetie neid us the following, ] E P 2 3 2 % e ol et o] g [ R]
aeid. o hamds wore ohserved and identified as propionie and acetje acids by thresh- — T B R A == 88 g |=®© S 88 8 'g g CIU
. . H . . 1 5 .
old volumen, A strong pogitive teat was obtained for ealeium in the nshed enmple, & R 2 R g ERR - g é’ o o Lﬁ w4
. , . . o . . 21 8 |- 5 B8 o 2 5 s 136
by Sodive diaectate. --A weighad porlion of 2.4 g wos dissolved in H,0, mado ) w P A e g‘ﬁ ED g’ g e B0 b0 g.8 9%
' : Sl o1 2| 81 R 280 H| Sk |eg
£t Sl jsalalg o o .2
! _—

to 250 wl, and an aliquot of 30 ml made Lo 100 ml. Formic acid {ea 1 mt 0.1 N)

g



CCLILSI3ATOR NC. } i : 3 : 4 : H i & 7 l (av.)
Blapk tiiraticn, ml 0.01 N BalOII). | 0.05 ‘ .03 < 0.10 0.C3 ! 0.05 ‘ 0.05 3 0.03 ‘
i ! i aa = I
Forerun titration, mi .01 Y Ba{OH): 0.33 , 0.25 | 0.70 0.24 0.25 ! 0.25 | 0.21 I
No. bazds etserved s B O I A
Burrrie acid i None | None | Preszenie Noae f None ] Noned l None !
! 17 } 18 E l 20 1 15 17 13 17
{o7es Lo s27 | Ter | 780 75.5 52.2
Yoot L oea2 ! o820 1 TT.2 1 tTi 76.3 81.9
. |
100 g A 705 o1 os2s 1otro 0 T T s2.1 78.1
Acetie acid ! ‘ o ‘ . 43 50
Thresnold vol. fml CBI=CB10® 1+ 50 51 [ . 83 50 4§ 4 3
rz100g ©o3s.5 ¢ 428 0 300 | o3ra | o4 3.4 38.9
mz 100 o 33.2 ) 4.7 2.7 ] 574 4 9.4 36.6
me/T r (AN : iS40 438 | 413 | 873 | 439 [ 350 378 40.2
Forric aeid ' ! ! i .
(Thiresiiold vol. (0] CRU+CBIO)Y 63 |70 | 67 i 71 } 67 60 656 67
- 85,53 See fomnatis 1o Talla 1.
TaBLE 3.—Acctic acid in fresh cuthentic whole wheat bread preserved with CHCl, (with added sedium diacelate)—
Collaborctive sample No. 3
COLLAPORATOR NO, ‘ 1 2 3 ! 4 ] 5 E 6 ; 7 i [FAN]
Blank titration, ml 0.01 N Ba(OH), i 0.05 0.05 0.10 | 0.03 | 0.05 | o0.05 ; 0.03 |
; !
Forerun titration, ml10.01 N Bz(0H), E 0.690 0.33 0.42 r 0.61 ‘ 0.35 I 0.52 l 0.34 ] .
! '
{
No. bands observed BE 3 3 2 2 | 3 l 2 |
i i
Butyric acid l None None? None? Xcne None None? l None ’
Propiornic acid None None? None? ‘ None ‘ None None? ' None '
Acetic acid
Threshold vol. (ml CB1+CBI10)e 46 44 49 50 49 45 45 47
mg/160 g 133.0 129.5 118.2 116.9 120.9 114.4 119.2
mg/100 g 127.0 132.0 121.3 110.2 119.0 116.7 125.7
mg/100 g (Av.) 130.0 130.8 119.8 i 113.6 I 119.5 115.6 " 1225 | 1217
Formie acid
Thresheld vol. {(ml CB1+CBi0)e 64 66 63 73 69 59 68 66

¢ CB10 (10% n-butyl alechal in CHCL); ¥ Siight band preceding scetic band—not identified.
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way then added to 10 ml of the final diln. The mixt. was mado alk. to phenolphthn-
Jein and evapd to dryness. Acetic acid wan then separated on the silicie acid eolumn,
making use of the added formie acid as the following acid. No propionic acid was
deteeted. Two bands were observed and identified as acelic and formic wecids by
threahiold volunes, )

(¢) As u cheek mnalysis, 10-m] aliguots of the inal dilns of (a) ealeium propion-
ate and (b) sodivm dincetnte were combined with en 1 ml of 0.1 N formie¢ acid,
‘"hree bunds were then observed and identified as propionie, acctie, and formie
neida,

PROPIONATE AND DIACETATE ANALYSES
Caletum propionate

Propionie aeid: chromutographie separation, 73.6 and 72.5%; average, 73.19%,.
Prapionie acid: ealeulated to Ca{CHLCHCO)y - 150, 100.7%.

Rodium diacetade

Free acidity: direct titration, 39.3 and 39.3%; avernge, 39.3% as acetic acid.
Total available acid: chromatographic separation, 78.8 and 78.5%; nverago
78.69, ns acetic acid.
Combined seid: by difference, 39.3% as acetic acid; calenlated ag sodium acctate,
53.7%% aus acclic ncid,
Potal ealenlated: 93.0%.
BAKING LOSSES OF PROPIONIC AND ACETIC ACIDS |

The following baking losses were ealeulated from the nverages of collaborator
analyses:
(1) AMilk bread with added propionale

Propionie aecid, caleulated from formula: 94 mg/100 g
Propionic acid, dotermined: 74 mg/100 g
Propionic acid, baking loss: 21%

(2) Whole wheat bread with added propionale

Propionic acid, caleulated from formula: 94 mp/100 g
Propionie aeid, determined: 78 my /100 g
Propionic acid, bakiog loss: . 179%

(3) Whole wheat bread with added sodium diacclate

Acetic neid, ealeulated as added plus normal 144 mg/100 g
Acetic acid, determined: 122 mg/100 ¢
Acetic neid, baking loss: 159,

COLLABORATOR COMMENTS

V. E. Munscy (No. 2): “Mobile solvent was changed from CB 1 to CB 10 at
40 ml of CB 1. No definite band indieations of higher acid were noted; a propionie
Fand on No. 3 was faint. ‘The forerun titration seems too small to be of significant
interpretive value.” )

George 10, Keppel (No. 3): “An attempt was made to identify the propionie
acid and butvrie seid fractions of the bremd samples by erystal formation (This
Jowraal, 28, 611 (1915)), Lut was not suceessful. Fven with authentic ncids, only
with propionie and ncetic acids did the erystuls resemble those in the illustrations,
The butyric acid fractions of the bread (samples 1 and 2) gave crystals similar to
those obtained using n-Lutyrie neid but neither resembled those illustrated,

“The threshold volume of the faint bands noted in samples 1 and 2 was 9-10

119
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ml. FPhin aprens approximately with the threshold volumeof 3-10 i found for buty-
e in o omisture of four acida, ‘Thig wag the same work done February, 1931, using
the same hoteh of silien el Based on the threshold volumne, Tam therefore reporting
Butveie acid present in samples 1 and 2.7

Lonis (. Welia (No. 4): “For sample No. 1, a narrow, barely visible band pre~-

cederd the propionie acid, The smount of acid present in the band was so small that
no attenpt was made to identily it—in the case of sample. No. 3, no hands were
observed hefore the neetie acid zone. )

“Pha technique for the preparation of the slurry suggested by Mitehell* was
used thronghout the work and was found to be very satisfactory. I prefer it to the
erinding mcethod.

“Bollinger’s* method of releasing the acids from their salts and their subsequent
franefer to the column waa used. ‘This too was found to be very satisfactory, as
indieated hy exeellent recoveries on standsrdization runs.

“one diffieully wag experienced in the distilation procedure unless considerable
vare v oereised Lo prevent clianing during the period before the charge in the
distillation flask reached the boiling point.t’”

Donglan D, Price (No, 5): “A negative test was obtained for butyrates in sample
25 other sunples not tested.” .

Lather G, Ensminger (No. 6) ... No special difficulty was encountered in
the procedure . L.

“In preparation of the column, I found that 0.5 ml (9 drops) of “RNIL” in-
dieotur moln and Udrop of 1N NHOH added to the silicie acid gave a column
caciest fo follow the acid front. One ml of the indicitor made the colunm too datk,
L0 ml of HLO was used to saturnte the stfaces of the silicie acid particles. Three
pourds presoure was used to drive the eolumn,

“T ueed 95 il beakers in place of the test tubes to complete evaporation of the
distitlate, Fvaporation is faster, nd by using a small glass stirring rod itis very casy
to yot a1l the vesidun quickly acidificd and extracted with the CB 1 solvent.”

Herman Q. Fallscheer (No. 7)1 “No butyrie acid band was observed on any of
the runy”

DISCUSHION

The resulls obtained by the collaborators are considered to be in good
agreement. Togetber with those of the previods report on white bread (6),
they provide nsurance that the method is adequate for general use in
bread analysis in the detection and estimation of added propionates.
Acetie acid has been definitely proved to be a normal constituent in all
of the hread analyses, The amounts determined in control breads must be

faben ito accomnt in judging whether acelie aeid has been adided. _

The forerun titrations of the cluates to the thresholds of the fir-t definite
bands mie always higher than a blank titration of about 25 ml of CB1
(0 per cent n-butanol in chlovoform) that has passed through the eolumn
wWithout. addition of acids, This indicates the presenee of traces of higher
acids. We were especially interested in the possibility of defeeting butyrie
acid in the milk bread. One collaborator identified butyrie acid by thresh-
old volume as present in trace amounts in both the milk bread and whole

wheat Lread, The others reported none or trace amounts toe small to
determing, No hutyrie neid was defeeted in the analysis of the control

* Collaboator Commenta, This Journal, 34, 201 (1ual),
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breads, No definite mercurons butyrate erystals were oblnined from (hy,
forerun eluates previous to propionie acid in samples Nos. T or 2 (Assa].
ate Referce analyses).

Data inaddition to thaf provided in the previous report have heen -
plied on baking losses of propionic and acetie acids. Substantial losses
ure also obigined in the air drying of bread in preparation for analysis.

No apprecinble differences are noted in comparing analyses of the fres,
breods and the fresh breads preserved with chloroform (Tuble 4).

Thefollowing cxperimentswere condueted todetermine if small amounig
of butyrie or lactie acids might interfere in the determination of acetic oy
propiemie aci-ls by the method (6) used in this study (Table 5):

Tarrn b—Direct chromatographic separaiton of pure acid miztures withoul distillation

I o LACTIC Fonuic AceTio PROFIONIC | BUTYRIQ NO. or
ACID ACtD ACID ACID ACID . BANDS
(1) M10.01 N added - 9.40 7.05 15.95 — 3
MLO.OY N recovered o - G.96 15.28 -—
‘o recovered — — 99 98 —_—.
Threshold val,, mle — G5 50 16 —
23 AT 0.01 N added —_ 9.40 14,10 20, 5¢ —_ 3
MEOOT N recovered — —_ 14,14 25.92 —_—
Cr recovered — — 103 98 —
Threshold vel., mle — 65 47 13 —
(3} M!I0.01 N added — 9.4 14,10 26.58 | 4.30 4
MEO.0L N recovered — — 14,20 27.20 2.49
Y, recovered — — 101 103 h8
Threshold vol., m) — 64 48 14 10~
(4) M10.01 N added — 9.4 7.05 — 4.30 3
M1 0.0L Y recovered — — 6,78 — 4.33
% recovered —_ — 96 — 101
Threshold vol,, mle — G4 49 — 12
(5y MI0.01 N added —_ 9.4 7.05 5.321 4.30 4
N10.01 N recovered — —_— 6.96 5.406 4,05
Y4 recovered — — 09 102 04
Threshold vol., mle — 65 50 23 12
() M10.01 N added 4.30 9.40 7.05 5.32 | 4.30 5
M10.01 N recovered — 3.60 7.15 G.11 4,09
¢4 recovered — 38 101 115 95
Threshold vol., mls —_ 65 50 22 12

¢ (Changed from “"CI21" to "CB10" at 40 m! CB1).

The acids arc eluted from the column in the order of butyrie, propionic,

aeetie, formie, and lactic acids. Lactic is definitely above formic and
moves very slowly even with the “CBI10"” mobile solvent. It could not

I€g
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e ueed as o following acid in the detetmination of formie, for it seemed
to sueree with the formic band so that a clear-cut separation from formic
aeid wie ot possible.

With comparatively hieh amounts of propionic as compared to bhutyrie
acid Gusinomistare 3) e threshold volume for propionie acid is within 1
ml of the preceding bulyrie acid. The recovery of Lutyrie acid was
definitaly Tow and the seprration of the two hands was not sharp, The
geparation of this same mixture was repeaded with o longer column,
making vee of 10 ¢ of silicie acid fnstend of the 5 g speeilied in the method.
The followine recoverios were then obtained: acetie acid, 1019+ propionic
acid, 95005 and hutyrie acid, 101795.

Ty reneval, the recoverdes from the mixture desertbed in Table 5 were
considered good. Laetic aud butyrie acids had no effect on the acele
seid vesovery. Where the propionic acid coneentration approaches 20 ing,
it iy be nocesnry to inerense the length of the column Lo ailord cflicient
geprtation of propionie and butyrie aeids,

The followineg recovery experimenls were wade with addition of acid
mistinees to the authentic whole wheat control bread. A chromatographic
tube of 1350, Jeneth and 4 in, internal dizmeter was used 1o afford sufli-
cient spnee for 10 ¢ of silicie acid. The usual mixture of 5 g silicie acid,
el 1,0, Lol “RNILT indientor and 1-2 drops 0.6 N N0 was
doubled for each ingredient in the gohuun mixture (Table 6):

Tain GoIircovery of actd miztures added 1o 10 a of o0 dricd aulheniic
whole wheal control breod (cowplele wethod (6))

LACTIC roeig . Avrric PROUIONIC DUTIRIC DANDS
I ALt Acto Any ACID AuID - NO.
(1) T10.01 N added 40.0 9.50 15.70 10.78 4.37 4
£iT0.01 N osecovered — — 21,95 (RIS 4.35
Loorecnvered — —_ 105 103 100
Thre hald vol, mle — Sh 61 39 23
(2) AMTOOEN added 80.0 0.50 13.70 21,56 157 4
RMLOOT N recovered — o 2120 21,40 125
ar roeovered - — otk 99 o7
Thicshold volo miz — 86 G | 54 p2
() MO N added 100 9.50 1aom 2156 $.74 4
L1100 N recovered — —_ 2170 2.2 5.90
o recavered — J— 10050 a8 07
Threshald vol sl —_ 47 62 348 22
() Moot Madded 200 9.50 13.70 | 43.12 157 4
L0 J revovered — -— AR 41.50 1.00
nyaeeovered —= - I RLE 07 0%
Threehold vol. ml — 36 61 24 Py

o Chnnred from OB to SOBIOT at t0 el eyt
b Cnled nftor ouriootion for acotio neid deldd in the Dbread (Talile 4).
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The laetie aeid was apparently separated from the volatile acids during
the steam distillation, for only four bands were noted on the columns, The
amounts investizated varied from 36 to 180 mg or 0.36 Lo 1.8 per eent in
the nir dried hread.

The use of the longer column with 10 g of silicie acid gave a spread of
about 15 mb hetween the threshold volumes of propionic and butyrie acids,
thereby affording a better seproration of these acids.

CONCLUSIONS

The eollaborative study conducted this year hag demonstrated that
the method is adequate for general use in bread analysis.

There was no definite proof of the presenco of butyrie acid in the
anthentic milk hread. e

Lactic acid in amounts of 0.4 to 1.8 per cent does not interfere in the
determination of acetie, propionie, or butyric acids.

Where the amount of propionic acid approaches 20 mg in the silicie
acid column and where eflicient separation from butyrie acid is desired, a
longer chromatographic tube and 10 g of silicie acid should he, used.

.
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RECOMMENDATIONS®

It is recommended that the following directions ho inserled in the
method as it is now deseribed in This Jowrnal, 34, 231-206 (1951):

(1) Under 11, arrararus, p. 287, change () to read: “chromatographic tubes
en 16 %250 mm or ca 153150 mm constricted at lower end to ea 4 mm . d.

(2) Under curomarocuarire surarATion (a) Preparation of partition column,
p. 283, add the following as a new paragraph at tho end of (@):

Where the amound of propionie aeid approaches 20 mg in the column and wherea
definite band is observed helow the propionic acid band, the long chromatographie
tube (450 mm) and cn 10 g of eilicie acid shonld be employed. The amounts of
walter, indieator, and NH,0! are then double those found applicablo for 5 g silicic
acid.

Tt is recommended that this Associate Referceship bo discontinued.
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COMPARISON OF LEUCINE WITH MEVALONATE
AND ACETATE AS A PRECURSOR
- 4
OF TISSUE AND SERUM CHOLESTEROL IN THE RAT
— .
T. A. MIETTINEN and I. M. PENTTILA
FROM THE THIRD DEPARTMENT OF MEDICINE, UNIVERSITY OF HELSINKI,
— ] HELSINKI, FINLAND
ABSTRACT
- Conversion of *H-lcucine-''C-acetate and  “H-mevalonate-1C-acetate  mixtures r
tissue and serum cholesterol was studied in normal and cholesterol fed rats in vit
and in vivo. Incorpuration in vitre declines in the order 1) liver from mevalona,
] p 2) kidney, skeletal muscle and intestine from leucine. 3) liver from acetate. Caleulater
. : for whole tissue the largest: amount of cholesterol was formed from leucine
- .

skeletal muscle, followed by mevalonate and acetale in the liver.
inhibited hepatic cholesterct synthesis between acetate and mevalonate by 99 < i
homogcenate and 87 ¢, in slices. Surprisingly, however, overall cholesterol synthese
" from leucine was inhibited ondy by 63 ¢ (homogenate) and 17 e (shices). Therefore
-~ ’ the VC/AH ratio in newly  formed cholesterol decreased as if svothesis betwee:

: acetate and hydroxymethyl zlutarate (formed from leucine) had been inhibited b:
96 % and 67 .. Thus. only 36—60 ¢, of the lencine converted to cholesterol ente-

Cholesterol feedin:

a teedback scusitive pathway. the rest is metabolized via a feedback-insensitive rout
: : After intraperitoneal injection of +C-acetate plus “li-mevalonate, the V"C/AH rate
-~ . : in serum and liver cholesterol wus reduced by « factor of 2—5 by cholesterol feeding
-, This indicates that cholesterol synthe.\‘is. had l;eeu.inhihiled by 30—86 ¢ beiween
. acelate and mevalonate. In sereement with the in vitro experiments, the 14C/5H vatie
of serum and liver cholesterol afier intraperitoneal injection of the HC-acctate/ Y.
? ) leucine mixture was significantly  reduced by cholesterol feeding, but to a lesse
~ ‘ extent than in the acetate-mevalonate experiment. Thus. dietary cholesterol inhibig
cholesterol syvnthesis from leucine. afthough  less  effectively than from  acetate
probably owing to active cholesterogenesis from leucine via the feedback-insensitive
route in the liver, and particularly in extrahepatic tissues.
—
’ INTRODUCTION . of serum cholesterol. Kabara (11, 12
: showed that after intraperitoneal ac.
I ' Leucine is metabolized through several  ministration of HC-labelled leucine
. intermediary steps to hydroxymethyl  normal and dystrophic mice, the specific
glutarate (HMG)* (14). Although this activity was highest in intestinal, muscle
- compound is a direct precursor of cho- and hepatic cholesterol.  In man a sic.
: lesterol (13. 24), and Bloch in 1946 (1) nificant amount of radivactive  leucine
| pointed out that deuterium-labelled leu-  appeared in serum cholesterol (18). Sinee
cine is converted to plasma cholesterol  this amino seid 1s merabolized at a higher
— in the rat, no further attention has been  rate outside than inside the liver (2. 21
ﬁ paid to the role of leucine in the formation it could be assumed  that cholesterd
‘ - synthesis {from leucine takes pluce pr-
* Abbreviations used in th‘is.p:npcr: HMG - marily outside the Lver, Therefore. the
_— hydroxymethyl ghltm"utc:. G-6-P - alucose-6- Si"nif.i“' e of leucine us 4 Broeuror o
} ' phosphate; NADP :: nicotinamide adenine ri-  Signiicance ol leucine as a precursor G
! . nucleotide. serum and tissue cholesterol was  in
RanN .
-~
P
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wsligated, in the rat, by measuring the
meorporation of “H-leucine into choles-
trol in vivo and in vitro. The results
were compared with those obtained with
‘C-acetate and “H-mevalonate in normal
il cholesterol-fed rats, using the double
iwbel technique (15). Some of the results
have been presented earlier (19).

\IATERIAL AND METHODS

Wale Wistar rats (100—150 g) were kept for
dirce days on a cholesterol-free dict (Fat-free
{esi Diet, Nutritional Biochemicals Ca, Cleve-
«nd. Ohio) supplemented with 5 < of olive oil
» w). The diet of half the rats was further
npplemented  with cholesterol (0.5 %) for an
ALlitional two or four davs. The rats were
‘hen either killed for in vitro experiments or
sotope mixtures were injected intraperitoneally.
sevial  blood samples for determination  of
Jiolesterol and radioactivity were taken from
e tail by venous puncture under light ether
naesthesia.

Acetate-1-1'C. D. L-leucine-45-H aond mev-
Yodactone-2-%H (Radiochemical Centre. Amer-
ham, England) were used as «uch with no
mrther purification. The isotope mixtures used
‘M vive or in vitro were preparcd in physiolog-
wal  saline  as  follows:  mevalonate acetate
1 wCi 3 Ci, buecine-*H acetate 4 #Cil «Cu
The doses of irotopes administered  intra-
eritoneally in these mixtures were 1 nCi of
Sevalonate, 12 nCi of leucine and 3 #Ci of
ceetale,

Nicotinamide adenine trinucleotide was ob-
tained from C. F. Boehringer & Soehne GmbH
(Mannheim), glucose-6-phosphate as the barium
salt from Sigma Chemical Co. (St. Louis, Mo.),
L-leucine from F. Hoffman-La Roche A. G.
(Basel) and DL-mevalonate from Fluka A. G.
(Buchs SG).

Tissue preparations and incubation. Freshly
removed liver, kidneys and intestine (the whole
small intestine from pylorus to caecum) were
homogenized in a three-fold volume of 0.1 M
potassium phosphate buffer, pH 74, with a
Potter-Elvejem-type homogenizer with a teflon
pestle. The intestine was minced with scissors
before homogenization, Skeletal muscle {quad-
riceps femoris) was homogenized in an Ultra-
Turrax homogenizer (Janke-Kunkel). Homo-
senates were incubated as such or after removal
of debris by centrifugation for 3 min at 600 g.
Liver slices (0.5 mm thick) wcere prepared
with a Stadie-Riggs microtome (Thomas, Phi-
ladelphia, Penn.) after cooling the piece of tissue
in the phosphate buffer supplemented with
003 M nicotinamide, 0001 M EDTA-2Na and
0.004 M MeClo .

Tissue homogenates (2 ml) or liver slices
(0.5 g) were incubated (6) in glass-stoppered
Hasks at 37 C tor 2 hr in 0.1 M potassium phos-
phate buffer. pH 74, with approprizte additions.
The tubes were gassed with 937 Ou and 5%
CO, at 0C before incubation in a Gallenkamp
incubator (shaking rate 100 cycles min).

Chemical analysis.  Serum and  incubation
mixtures: or liver pieces were saponified by
heating the tuhes at 60C for 1 hr in a 10-fold
volume of 1 N NaOH in 907/ ethanol. After
cooling, water was added t{o give 60 7. ethanol,
and  sterols were extracted with petroleum

TABLE 1

INCORPORATION OF ACETATE-1-UC, LEUCINE-435-*H AND MEVALONATE-2-3H INTO
CHOLESTEROL BY VARIOUS TISSUE HOMOGENATES IN THE RAT.
20 ml of 25 “ vssue howmogenate was incubated in medinm containing 0.03 M nicotinamide, 0.001 M

FOTA-Na. 0.004 M MgCl., 0.0005 M NADP,

00es M G-6-P. 0001 M wmeralonate, 0601 M

iencine and 0000 M acetate in 0.1 M potasstunt phosplate buffer, pH 74, at 37 C for 120 min.

* wCr of either acetate-1-1'C and DL-leucine-45-*H aor uvcetate-I1-1C and mervalonate-2-*H was

vided to ineubation tubes. which were then blown with 93¢0 05 and 5% CO. before incubation.
Final rolume 2.2 ml. Mean + SD.

Radioactivity incorporated into

. ) ) Sl dpm from .

e No. o chols_.lgxf)l‘ Flpnx g”ofh wet v&f\f_ht acetate-11C:
issue of leucine-*H:
rats From From From :

acetate-11C*)

leucine-~+H

mevalonate-3H mevalonate-+H

Liver 5 6082
+ 2260

Intestine 5 35
+ 10

Muscle 5 36
+ 16

Kidney 3 110
+ 55

2584 : 98810 1:0.4:16
+ 335 + 32240 .

4516 468 1:130:13
423 : + 129

7950 326 1:220:9
+ 546 . + 152

9149 3388 1:65:24

+ 1530 + 688

* Calculated from the averages of the two experiments.
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ether. Extracts were washed thrice with 50 ¢
aqueous ethanol. In part of the petroleum
ether extract total sterols were determined by

- the method of Hausen and Dam (9). The rest

was evaporated and applied on a silica gel G
chromatoplate (0.5 mm thick). The plate was
developed in ethyl ether:heptane 1:1, through-
out its length. The cholesterol fraction was
eluted as decribed for faecal steroids (17). Part
of the extract was used for determination of
the mass with the colour reaction (9), the bulk
being used for measurcment of the radioactivity.
Cholesterol isoluted by this method from nor-
mal human serum, to which radioactive pre-
cursor mixturcs had been added, did not contain
any radioactivity. Thus the method of isolating
cholesterol eftectively removed unutilized radio-
active precursors.

Radioactivity measurements were performed
in a Packard Tri-Carb Liquid Seintillution
Spectrometer, Model 574 (Puackard Instruments
Co, Inc. La Grange, lll.) determining absolute
activity levels (dpm) by means ol an external
standard. The scintillation liquid contained 5 g
of 25-diphenyloxazole and 03 g 14-bis-2-(4-
methyl-phenyloxazolyD -benzene in 1 Jine  of
toluene. The results are expressed as dpm g
of wet tissue or as dpm mg of cholesterol.

RESULTS

Incorporation of *H-leucine, “H-mera-
lonate and 1+C-acetate into tissue cho-
lesterol in vitro

The different tissue homogenates incu-
bated with radioactive acetate, leucine
and mevalonate, in the presence of their
non-labelled carriers, incorporated these
precursors into cholesterol at varying
rates (Table 1). In the conditions em-
ployed, liver had the highest rute of con-
version of acetate and mevalonate, while
kidney and skeletal muscle had the high-
est rate ot leucine conversion. The
conversion of leucine to cholesterol in the
muscle tissue was about 200-fold that of
acetate and 25-fold that of mevalonate.
Utilization of leucine lor cholesterol
synthesis was markedly higher than that
of acetate and of mevalonate even in the
intestine and kidney, while in the liver
homogenate acetate and mevalonate were
better precursors than leucine.

The incorporation of radioactivity into
cholesterol in slices and homogenates of
livers. of normal und cholesterol-fed rats
from the two precursor mixtures, “H-
leucine plus '“C-acetate and SH-meva-

lonate plus '4C-acetate, are shown i
Table 2. The conversion of mevalonan
to cholesterol was not affccted by cho-
lesterol feeding, while that of acetate wa:
reduced by 87 "¢ in the slices and by 997,
in the homogenate. Thus, according 1o
these experiments, 13 %% (slices) and 1¢
thomogenate) of hepatic cholesterol syn-
thesis {rom acetate appears to proceed vi;

a feedback-insensitive route. The 1+C 3!
ratio was high in the homogenate owing to
high acetate incorporation. This rati. ~
decreased about 8-foild and 80-fold i
slices and homogenate respeclively. in
response to cholesterol feeding.  The
indicates that cholesterol synthesis be-
tween acetate and mevalonate was in-
hibited correspondingly by 99 C¢  and
87 Co. :

Although leucine and acetate are both
converted to HMG during sterol synthes:
(13. 14, 24), the incorporation of leucine
into cholesterol was inhibited only by
about 47 C¢  (shces) and 63 “¢ (home-
genate) in the liver of cholesterol-fed rat
(Table 2). More pronounced inhibition
of acetate incorporation (82 “¢ and 99 1)
resulted in a corresponding decrease in
the T#C I ratio in cholesterol by 3-told
and 28-fold. 'This suggests that overall
inhibition of cholesterol synthesis by
dietary cholesterol botween acetate anc
HMG (formed directly from leucine) was
96 ¢ and 67 <. Thus, about 40-—50 ¢ o
the leucine that is converted to cholesteral
in the liver enters a metabolic pathway
that is not inhibited by dietary choles-
terol. The rest is metabolized through the
route that is sensitive to feedback.

Incorporation  of “H-lewcine., “H-meve-
lonate and C-qcetale into serunmt cho-
lesterol of control ana cholesterol-fed rats

The significance of leucine as a precursor
ol serum cholesterol compared with tha
of mevalonate und acetate was tested in
cholesterol-fed and control rats. In cho-
lesterol-ted rats hepatic cholesterol syvn-
thesis is known to be suppressed (3. 7, 28).
After mtraperitoneal administration of
mixture of “H-mevalonate and  PC-
acetate the speeifie acuivity of serun “H-
cholesterol was significantly reduced
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TABLE 2

EFFECT OF DIETARY CHOLESTEROL ON INCORPORATION OF ACETATE-1-"C, LEUCINE-45-*H AND MEVALONATE-2-H INTO

LIVER CHOLESTEROL IN HOMOGENATES AND SLICES FROM RATS ON CHOLESTEROL-FREE DIET.

20 ml of 256 ¢ liver homogenate (centrifuged for 3 min at G0 g to Temore debris, or 6.5 g of liver slices (from the same rats as homogenate)

was ineubated ow miediun containing 0.03 M wicotinanude, 0.601 M EDTA-2Na. 0.004 M MyCl.. 06005 M NADP, 0665 M G-6-P and 0.001 M acetale

in 0.1 M potassium phosphate buffer. ptl 74 at 37 C jor 120 min. 1 «Ct of acetute=1-1C and 4 «Ci of DL-lrucine-4.5'H or 1 «Ci of acetate-1-""C

and 1 «Ci of mevalonate=2-*H were alded to the incubation tubes. which were then bluwn with 95 5¢ O, and 3 % CO, before incubation. Final
volunwe 22wl Mean T SD of five rats.

Incorporation of leucine-*H and acetate-11C
into liver cholesterol, dpm'g wet weight

Incorporation of mevitonate-"H and acetate-
e into liver cholesterol, dpm gowet welght

Dictary Cholesterol, S -
cholesterol mg/g of wet liver ' . . ‘14”‘“' ‘ ‘ . Inhi-
‘H iC ViC CHxI0- bition, “H e 1C +Hx10-*  bition.
(; wx (‘" ELER]
Homoucraite
None 2,76 73075 14793 202.20 - 06 ) 17235 24200 -—
+ 013 - 15084 R 1Y + 114 + 10030
0.3 % 6177 &350 Jub - 2.56 99 264 7 232 7 878 96
+1.29 N Yt - 18h * 96 > 21
(1ioy il (37 (P9
Slices
None 4.10 125025 1827 14 60 - 616 2376 3829 —
+ 070 £ 36550 D) B R + 809 .
7.26%* 124700 233 ¢ 1.87 i) 277 418 ¥ 1279 67
DRt RN) - G200 ' 111 + 24 s 262
Loy 113 (53) (1)
P 000
#+ Iphibition of cholesterol svnthesis butween acctate and mevalonate, caleutated from the change in WC/HHL

% [ncorporation in cholesterol-fed rots relative to that in controls indicated by fioures in pareatheses €70,

x¥++ [nhibition of cholesterol svnthesis botween acctaty and hedroxymethy t glutarate

"
-—
-——
——
g
—
-
—
o~

(tornied from leucined, caleulated from the change in ¥C “H

1047801} for BaoNINDIL]
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6300 (——— i ~m—=—————— 7 panded cholesterol pool. Evidence for
; | the latter was provided by the markedly
| F\ ' increased cholesterol content of the serum
| > ' and liver in cholesterol-fed rats (Table
o {\ | 3). In addition the amount of the label
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Fig. 1. Effect of chelesteral fecding on conver-
sion of a !iC-acctate- H-movalanare iRt
to serum chalesterol 1 rats on a fat=free diet.
Euch group consisted of fivio amad Tune
curves of the C H ratio m seram tolil
cholesteret in the lower pancl. O control:,
o cholesteral-fed. H-cholesternl, -
HC-cholesternl,

cholesterol-fed rats (Fig. 13, Thus, either
the conversion of mevalonate 1o choles-
terol was inhibited. or the newly formed
“He-cholesterol was diduted into an ex-

from “H-mevalonate recovered at 20 hr in
the cholesterol of the serum-liver com-
partment was on average 130 ¢¢ of that
of the controls. This suggests that the
equilibration of newly formed hepatic
cholesterol with serum and with extra-
vascular pools was decreased. and that
cholesterol  synthesis  from  mevalonate
was not decreased to any appreciable
extent. However, activation of the feed-
back miechanism by dictary cholesterol
resulted in a marked reduction in the
conversion of '4C-zcetate 1o serum cho-
lesterol. The '*C “H ratio in the lower
part of Fig. 1 and in Table 3 decreased
5. and 2-fold respectively. Assuming that
the dilution of 11C-cholesterol was the
camte ws that of “H-cholesterol, the change
of the ratio indicates thit cholesterol feed-
g reduced serum cholesterol synthesis
hetween acetate and mevalonute by 80 7¢
and 300 respectively.

The fraction of the radioactivity from

- Jeucine found in the serum and liver

cholesteral 20 hr after injection of the
libel was about a quarter of that frem
DI aectate and only about 0.3 7¢ of that
from “H-mevalonate  (Table 3). This

TABLE 3

Reeorery of lahels (70 of dose) i cholesterol of serune and Direr pools 20 e after administration
of H-weralovate WC-areture and H-Toneine DC-ueetate portires antraperitonenlly to contral end
chalesterols fed rats,

Mevalonate "acetate experiment

Laticine ‘acetate experiment

Tissie © Total  H- e Total M- He-
choles-  choles- cholus- RT3 choles- choles- chioles- He
terol {ernl terol terol terol terol
me % oof dose 5 of dose x10-% mg “; of dose 77 of dose
Controf rats
Serum * 42 0.951 0.0123 129 49 0.0028 0.0165 5.9
Liver 245.6 6.000 €0.0564 9.4 293 0.0144 0.0666 4.6
Taotul 338 n.4951 0.0687 9.9 342 0.0172 0.0831 _ 48
Cholesterol-fed rals

Serum * 59 [{X. Y5, I 0.0060 6.8 73 00032 0.0132 4.1
Liver 42.6 8.150 0.1366 45 476 0.0166 0.0600 3.6
Totil 485 9033 0.0426 417 549 0.0193 0.0732 3.1

Serum volnme assumed 1o b 4 % of hody wenght,

s

U541



PP

|

-

[

Precursors of cholesterol 25

8oy 7 lesterol in the serum-liver compartment
u "' &t 20 hr was 114 % of that in controls.
:‘;‘ This suggests, as in the case of mevalo-
Osak nate, that the reduced specific activity
5 was mainly caused by expanded pool size,
< and perhaps to a lesser extent by inhi-
%40_ bited synthesis. The specific activity of
" ) MC-cholesterol was reduced more mark-
e edly, so that the "C *H ratio of serum
i __] cholesterol (lower part of Fig. 2) was
%20k lower in cholesterol-fed than in control
£ animals. But the decrement of the ratio
e 3,0 14 3, | tac | 3y | tae in both liver and serum cholesterol 20 hr
T 1 L i oL 11 after injection of the labels is less than
f e T +that found after injection of mevalonate

L b= ConTROLS e plus acetate. Acetate incorporation was
15b LI CHOLESTEROL FED (f] presumably similarly inhibited in both
l i groups of rats. Therefore the different
change of the ratios in ‘the liver choles-

o ] I terol suggesis that the hepatic conversion
vao_ T I }. of leuciné to cholesterol was  slightly
g r_+_ Eas inhibited by cholesterol feeding, this in-
vl | hibition being less than that of acetate.
; Although this interpretation agrees with
é I- the in vitre results (Table 4) il is possible
108 . L . that the relative inhibition from leucine
z I ' and acetate was the same in the liver in
- : vivo, the portion of the serum and liver
? oo | cholesterol formed from leucine hy
o 82 35 | 147 ls2 | | | extrahepatic, feedback-insensitive tissues.
ih 20n being higher than that formed from ace-

Fig. 2. Effect of dictary cholesterol on con-
cersion of a 11C-acetate-*H-leucine mixture to
erum  cholesterol in rats on a fat-free diet.
Upper panel shows specific activity of serum
cholesterol in treated rats in per cent of that in
ids on the fat-frec diet. ™C “H ratio in total
srum cholesterol in the lower panel. Figures
it the bhase of cach bar indicate serurmn chol-
esterol concentration (mg 100 mly. Each group
consisted  of seven animals.  Same rats as in
leucine-acetate experiment of Table 3.

ndicates. however, that leucine is a sig-
nificant precursor of serum and liver
cholesterol. particularly because “H-leu-
cine may have been considerably more
diluted by its non-labelled endogenous
pool than 'HC-acetate and “H-mevalonate
by their respective pools.

The specific aclivity of serum “H-cho-
lesterol  formed {from “H-leucine was
reduced significantly when a mixture of
H-leucine and !‘'C-acetate was adminis-
wred to cholesterol-fed animals (Fig. 2).
However, the total amount of “H-cho-

tate. The change of the ratio in the leu-
cine-acetate experiments indicates, in any
case, that feedback-insensitive tissue(s)
produce relatively more cholesterol from
leucine than from acetate. An increase
of the ratio after 1 hr, particularly in cho-
lesterol-fed rats, suggests that release of
newly” formed *H-cholesterol into the

serum is faster than that of "+C-choles-

terol.

DISCUSSION

The liver is known to have a greater
potential capacity for synthesizing cho-
lesterol from acetate in vitro than any
other organ of the rat (3). The present in
vitro experiments suggest that under the
conditions employed the ability of the
total muscle tissue to synthesize choles-
terol from leucine was more than four
times that of any other organ to syn-
thesize il from mevalonate, acetate and
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TABLE 4

Abilities of different organs to synthesize cholest

erol from wvarious brecursors in vitro (dpm x 10

whole organ,2 hr)*

Total

Organ weight Leucine Mevalonate Acetat.
Muscle 30 238 10 . 1
Liver [ 15 59 36
Intestine 3 14 14 1
Kidney 15 14 5 02
Total - 281 88 38.2

* Calculated from duata of Table 1 without taking

into consideration that three moles of acetate are

needed to form one mole of hydroxymethyl glutarate (synthesized from one mole of leucine) o

mevalonate,

leucine (Table 4). In vivo, however, the
contribution of leucine to serum choles-
terol was less significant. This sugyests
that there was a marked dilution of the
label, and that the bulk of the cholesterol
synthesized by extrahepatic tissues re-
mained bound to cellular structures, less
being released into the circulation. The
concentration of serum leucine is about 13
nmoles 100 m) (25), while the intra-
cellular level may be as much us 30—-50
times higher (3). The serum acetate level
is only about 4 amoles 100 ml (4), the
mevalonate pool apparently being zero
(8). That circulating leucine iy rapidly
catabolized via the HMG pool is indicated
by a finding that within 30 min, 40 ¢ of
the 14C administered traperitoneally as
carboxyl-labelled leucine iy expired as
HCO., (22).

A low hepatic fransaminase  activity
(10), limiting the conversion of leucine 1o
u-ketoisocaproate and further to HMG.
might explain the low conversion of
leucine to cholesterol in the liver in vitro
as compared,to that in muscle tissue.
This enzyme is mainly in the membranous
fraction of cells (2. 21). Centrifugation of
the homogenate in the experunents in
Table 2 may have reduced its activity in
the supernatant. thus explaining the low
cholesterol production from leucine us
compared with that in Table 1. The
consumption of acetate primarily  for
oxidation. and poor uptake of mevalonate
by subcellular fractions in extrahepatic
tissues, probably explain the low con-
version of these precursors 1o vholesterol,
* particularly  because utilization of leu-

cine clearly demonstrates that these or.
gans are able to produce cholesterol at
relatively high rate, provided that a suit
able precursor is available,

Cholesterol feeding is known to inhibi
its own endogenous svnthesis in the liver
(5.7, 28) by activating the negative feed.

back mechanism between HMG and me-

valonate (26, 27), ie. the activity of mi-
crosomal HMG-reductase is inhibited by
dietary cholesterol (13). Thus the in-
corporations of acetate and leucine int,
cholesterol  should  have been  reduced
equally, because they have o common
intermediate, HMG. The incorporation
of “H-leucine was actually inhibited les:
than that of "'C-acetate in the liver slices
and homogenate. This may have been du.
to conversion of a relatively high propor-
tion of “H-HMG to mevalonate via @
pathway which is not under feedback
control, while most of the 'C.HMG Was
metabolized through the feedback sen-
sitive route. It is known in fact thut the
synthesis of mevalonate takes place ir
at least two subcellular comipartment.,
less actively in the soluble fraction. which
is not under feedback control. and at &
higher rate m the microsomal fraction.
under a sensitive feedback mechanism
(27). According to the in vitro studies
(Table 1) 4050 ¢/ of the leucine which Is
converted to cholesterol is metabdlized
through the former route. and 50--60
through the latier route. either via the
acetate pool or via direet entry of HMG
to the feedback-sensitive pathway (Fig. 3).

In the rat. serum cholesterol mainly
originates from the liver {2U). Thus ihe
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LEUCINE
J

"‘2“"' ACET'.—:__, H?\AG

X a
FA HMG —2—+ MEVAL.—s CHOL.
Vi 3. Tentative hepatic metabolism of leucine
o cholesterol via fecdback-insensitive (a) and
-ensitive (b) pathways in the rat. FA == {atty
acids, HMG = hydroxymethyl glutarate-CoA.

effectiveness of the feedback mechanism
tould be measured in vivo by determining
the, incorporation into serum cholesterol
ol two simultaneously administered pre-
cursors, one before the feedback mecha-
msm (MC-acetate), the other after it
i“H-mevalonate) during low and high
cholesterol intake (15). Since the basic
diet is the same, the acetate pool pre-
sumably remains unaltered. Cholesterol-
mduced reduetion in the hepatic con-
version of ''C-acetate to '+C-mevalonate
will decrease the "'C “H ratio of serum
vholesterol.  The changes in synthesis or
peol sizes of precursors after mevalonate,
probably caused by dietary cholesterol,
will similarly aifect the incorporation of
both labels into cholesterol. Thus, 1) re-
duced pool size of numerous intermediates
between mevalonate and cholesterol, 2)
mhibited incorporation of mevalonate to
cholesterol and 2) expansion of the ex-
¢hangeable cholesterol pool will have the
sime effect on the specific activity of
serum cholesterol svnthesized either from
Tl-mevalonate  (administered) or 14C-
mevalonate  (formed from  11C-acetate).
Adthough no information is available on
thee poesible alterations in' pool size of
ntermediates between mevalonate and
wpualene, cholesterol feeding decreased
the concentration of liver methyl sterols
116).  Accordmgly.  radioactivity origi-
naling from “fl- and '1C-mevalonate is
diluted less markedly by this sterol group
m cholesterol-fed animals, and the spe-
cific activity in serum cholesterol may
have been increased. However, the pos-
‘ible opposite,action of dietary ¢l st
m inhibiting syvnthegie—bTtiveen meva-
e ngLSD"’m/“f/‘%T and of increased
diiution on newly formed cholesterol in the
xpanded cholesterol pool might finally

overcompensate for this effect. Therefore,
it is apparent that the specific activity of
serum cholesterol measured with one
isotope could give erroneous information
about endogenous cholesterol synthesis.
The effects of changes in pool sizes should
be correeted for with another isotope.

In the mevalonate-acetate experiments
of the present and earlier studies (15) the
decrease in the ""C “*H ratio by a factor of
2—35 in cholesterol-fed rats indicates that
the syvnthesis of endogenous cholesterol
was decreased by 50-—80 7%. Thus, in the
rat, 20—50 “+ of serum cholesterol orig-
inates either from the feedback-insen-
sitive pathway of the liver or from ex-
trahepatic  tissues. These figures are
somewhat higher than those obtained by
the radicactive cholesterol feeding tech-
nique (20), partly because in the latter
method the endogenous non-labelled
cholesterol is diluted by the expanded
peol of exchangeable cholesterol.
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THE PRFECT OF SODEUM ACETATE FRITING ON MG AND AT
VIRLD, BLOOD SUGAR,AND BLOOD KETONG OF D VIRY COWRLSE
WL MILLER axp No N ALLEN

Departbucent ot Dairy Hasbandry, Paiversily of Wisconsing Madizon

FC s heeny shown that s deevease in the level of acetie acid b the romen
et i e ociated with o nerked depression of nnll\ fat in cows fed a high-
coreenirale dict with either very Bmited amounts of Jong hay or. with very
In either ease, the
foedive of sodium acetate Tevels,
imlil-;vlin“ that the aeetaids \\'hivh'nl'v mn‘m:nll\' 3 pl'mlluci of rumen fermentation

Fiberal smonnts of alfallie meal as the sale rouelinee (8, 9).
caused o recovery toward normal wilk fat

cential role in the synthesis of mitk Ta
Gilne of sodiung acefate lwwhufr for freatment of ketosis hag
('(‘(hll;"‘ of -sodium

have an e

A :;l'ml_\' of the
been vepocied (570 Inomest cows whieh recovered after the
aeebate, blood sueorinerensed and blood ketones decreased. Towever, sinee under
the eonditions of the experintent i0was not possible to sel up an untreated con-
Ctrol evonp, veeovery may have heen spontaneans v ather than specilicaily due Lo
Recovery from ketosis is ordin arily accompanied by a rise in
Dlood ketones,-and the changes i these hlood

accfate feedime.
Dlond stieare aned a
viliies muy live been ineidentat to 1he recovery rather than o speeifiec elfeet
of tie sodinn aeelite Teeding. Sehaltz and Smith (7)) observed a shioht inerease

in blood sieie and o appreciable change i Blood ketones alfer the feeding ol

leerense

acetie aend o oonts,

Phe srinmdating effeet of acetate Teeding to cows with diet-depressed nlk
fat and
mitk ot and rmmen acetate Jevels.
perecniner cesult, il woulid have pl.ullul‘ nnpl't.»lumu i the plmhwhnn festine
it sodin acetate were Ted debiberately as a milk fat stoauband,

prinen aeetafe raises a question as (o the effeel upon cows with normal

Should unnpu.nhlv inerease inomilk fatl

of dairy cows
or i indieated in the treatment of kefosis, ,
Thin experiment was desigmed to determine the effvet of sodinm acelate,

when Ted 1o cews e normal health aud onea norinal roushase diet, on itk and

fat praduetion, wnlk Fat pereeniage, hlood elucose and blood kelones,

ENDPECIMENTAL PROCEDURT

A douhie reversal desion was chosen by which it would be possibleto dohwl
small differences in blood and milk vatues Fesittinge From the Teeding of sodium

Treeeived for puhlieation November 2, 1054

Upabtichied with the approval of the Diveetor oft the Wisconsin Aprienltural Fxperiment
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acetafe n) Tn cach of the three 10-day periods, the first 4 days were used as a
fransition period and the Tast 6 days for the comparison, Bighteen cows of fonr
breeds were paired aecording o hreed, stage of lactation. Jocation in barn, age,
milk produetion, and fat test.
to Group A or B.

CEFFECT OF FEEDING SODIUM ACETATE TO COWS

Cows of cach pair were then assigued at random

TARLLE 2
The effeel of feeding 1, of sodium aectate daily on will: and (ot production,
'maII\ fu[ Ir,\l blood glneose uluI l;lnml etones of 18 cows

1\\14;(;;0 Avernge Average Bloorl Blvod
fal test fat /iy milk/day rlucyse ketones
() (ih.) (th.) (e ) (my. %)
Control 4.7 18 146 U802 o772
Sadimn acetute 422 L.a60 2R.30 . 8748
Difforenee 0.07H 0,01t ~0.13 0,030 ~0.000
.S (000" atol (L0653 0.84 0,604 0,183

" l, D (0.05) = h-x\t \l;,mhv.xnt <l|ﬂ0|vmo at 0,05 tevel,

The concentrate misture, fod at the level of 16 1h. per day to all cows, con-
100 1h. of wheat bran, 200 1h.
201b. of trace
During the period of sodium
received Tb. of teehnical grade sodivme acetate

sisted of 700 1. cach of oround oats and corn,
of Tinsead or sovhean oil meal, 20t of steamed bone meal,
nmiineratized salt, and Lo of irvcdiated yeast,
acetate feeding, caell cow
daily, incorporated in the concentrate mixture, fna number of instances indi-
vidual cows at one or more feedings refised to eat the grain condaining sodinm
)y welatin

acetate. When this ocenrred the sodinm acetate was given separately i

capsides, The cows were siven o liberal feeding ol corn stlage in the «\\'vniu;_-‘s
and allowed Tree aeeess 1o allalPa-grass hay duving the day,

Bt terfat fests were made of vach bdividual mitking by the Babeock method.
Blood samples were faken from the jugalar vein on the tiest and [ifth days of
each 10-day period. Polassium oxalate and sodinn fuoride weee used as anti-
conzulant and preservative, respectivety (3). rotein-free fittrates of the whole
Blood were prepared by the FolinWa method (). Blood Ketones and glueose
were determined by metheds outlined by Behve of ol 1) amd Nelson (0),
respeelively.

Polal milk and Tat production Tor the Gaday periods was determined For cavh
cow hy addinge the daily milk and fal weigitts, The average fat test was then
ealeulated. The vatues for blood glucose and ketones were determined by aver

aging the values obtained for the samples taken on the firth and tenth days,

RESULES AND DISCUSKION

There were to sienilieant differences in milk fat tests total milk or Tal pro-
detion, blood elueose, or blood ketones between the cows receiving the control
CPable 1,

as indieted by the least signiticant differences, was

pation and those reeeiving 1o of sodinme acetale daily CThe seasi-

tivity of the experiment,

atifficient fo doteet any dilferences of imporfanee,

15
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It seets that there is a minimum level of aeefaic vequired for production of
mille of normal fat confent and that feeding of acetate up to this amount will
cause recovery from the dict-depressed milk fat, but additional amounts above
this minimum level will not eause fuether inereases. TPhe feeding of sodium
acetate (o cows on production test should not contribute 1o inaceuracy of the

recopds.,

SUMMARY

The effects of Teeding 11h, of sodium acetate daily for 10-day periods on milk
andd tat produoction, mitk fat test, hlood ohicose, and blood ketones of normal
cows vecetving normal diets were determined. There were no signilicant, differ-
ences (- G055 v any of the values studied, hetween (he cows reeciving acetate
and the confrols. The sensitivity of the experiment was suflicient to diteet
average differences of G100 in fal tet, 0.0G 1h, of Taf, or 0.8 Hh, of milk per day,
0.6 e, 0 blood glueose or 018 e, 75 blood ketones.
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The Treaiment of Ketosis in Dairy Cows by Oral
Administraiien of Sedium Acetate

. J. MILLER, Ph.D.; W. J. TYZNIK, Ph.D,; M. N, ALLEN, Ph.D.;
D. K. SORENSEN, D.Y.M. Ph.D.

Mudisoir, Wisconsin

In o sTUDY, with dairy cows, of the rela-
tionship of the amount aund physical state
of the voughape fed 1o the fat conlent of
their milk, Tyzniks found that the acetates
produccd by the rumen microdrranisms
seemt Lo play an essential vol2 in the synthe-
siz of milk fat, On an extremaly low vough-
age and hirh concentrate rution, the fat
content of the milk and the acetic acid con-
tept of 1he rimen ingesta were depressed
simdfancously, wilth an inuvedinte recov-
ery of the mille fal level when sodiunm ace-
tale was fed. The quick response of the
mitle fat test to feeding of acclates sug-
gested thal they might be of therapeutic
valie in canes of Lelonis.

Some of the Tower (aety acids, incuding acetic
agid, are alsochedditealy froe e rumen fin the
Hood stroom, s heeomine available more qoie
v than piest other matedials given orally, Acetie
agd s a readily metabolived soucce of cperpy
whith is doseribed by Hawk, Quer, and Summor-
' as occopying “a key position in the metebolivm
aof not only fatty acids but also cubohydiates and
certain amino acids.”

Schultz, Swoith, and Lardy® found that avetic and
propionic acids administered orally or inteave
pously caused no inctease in blood ketone fevels of
nermal enats, but butvric, crprofe, aptylic, and
cpric acids catcd marked increases,

Schuliz and Smitht fonad ibag butytic acid, given
iy, consed depressed bloed s, with increasd
LU hetones, Propionic acid cuned a sharp ine
o and acetic acid a slishe fnctease in Bloed
sue e, Plang and Smith? usioe o radionctive capreo-
At have Shown conversion of caproate o awets-
aue, These veports bave indicated thae the fauy

tids prodiuced by the rumen G0N TEANISmS 10y

Pl a part in the oceurrence of Ketosis in -
marts, Schnle? has reported . eocouragine results

fium feeding sodium propionate to cows with
EUTS

, Viom the Trotacmeet of Dairy Hisbandrey, Uaiversity of

i consin, Moedison: e, fGller io o i the Deevivramat
S ity Hasbandry, Unisersity of Goongi Arbeoss Di
boonik, in e Depoutment of Anjmel Plushooudry, Ohiy
University, Colnmbai Al ih . Sogenson. o e
el of Vetetinaty Medicine, Univasity of  Sinncan,
S Taut,

Wpprased for publication by the ditcaor of the Wisen:
S Aerfonfoeesl Lsperinent Station, Univessity of A\ ivene
St BT andyeen.

Sapperted in pae by the Resmoch Commitee nf the
Condnate Scbuol fom funds supplicd by the Wiscoesin
Alurapi Keseacch Toundation

Tyzaik in 19531° fed sodium acctate to 6 dairy
cows, all of whicht showed dchinite clinical sipns
of ketosis and a positive qualitative urine reac-
tion. Four which had received no previous treat-
ment recovered after fecding 1/ lb, of sodivm
acetate daily for four successive days. The urine
test became pegative in two to five days, Ancther,
fre:h six wecks, had been treated fovr times with
glucose and once with chfural hydaate, bue bad
refapaed afier cadh treatmene, Alter four daily
feodines of U5 1 of andiam acetaie, she roeovered
from chinteel sions and had o necative uiine it
The sicth cow had relapsed after five treameots
with intravenous gincose and had severe dlinical
sigos, She was fed L) Jb. of sodium acetate daily
for scven successive davs, Within eigbt hours after
the first feedine, she was on hee feet and cating

“and o seven doys recovery was complete, including

aonegative uvrine tost, Nonge of these cows sufferrd
any  recurieoce, Recovery of appedte and ik
production was striking, .

A coiperating datryman who was encountering;
frequent cises of ketosis treated 5 cows in cnrfv
Lactation with ore or more feedings of sodium
acorate. All reeoveted from diinical sizns, with 2
motked seisnulation of apretite and nritk produe.
tion and a negaive urine reaction in all eacep L
Two wosws du other herds, both showing clinicad
signs and  positive urinte tests, were treated b
feeding sodimn acetate. One teconered from clin-
il signs after two davs of eeding ' I, of
sodivm acetate daily. ‘The odier, which Led metei-
tis, previvusly had failed w0 respond cither o
plucese o to sodium accteee, Aler being ted L

Ih, of sodiva soctate daily o mveng days vhe
revovered completely from clinical sivos and T
A ueative urine test, huat o sinulGincons teeovery
frem  mweteitis may have bewn responsible o a
graer degtee than the treannent. '
PEESENT STUDY

To seenre a tiore decurate evahulion ol
sodinm acetaie as an aid te treatroent i
ketosis, 30 addittonal cases wepre slwdivd 1
cieht herds io which bleed and neme 2ant-
ples could be taken, Bload sugar wd Lilood
andd urine kelones were determined on sam-
ples taken before acelate wis piven, and
periodically thereafter. A qualitalive urine
fesi also was run on most of the urine
samples, These cases varicd in severity,
bul ouly clear-cut cases, as judped by clini-
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cal signs and urive lests, are veported. The
results are summuarized in lable 1.

Of these 349 cases, 16 recovered in less
than two weeks and 2 others in less than
three weeks with no treatiment other than
oral sodium acctate. The amounts fed
varied frofu ¥ to L th. daily. In the follow-
ing 6 cases, Lhe effect of the acetate could
not be appraised: in 3, becuuse of other
treatment: in 1, because it was not possible
to vhsorve Lhe cow alter her reported recov-
ery; case Z0, bhecase of complication by
metritig (while hev conerial condition was
improving. the Blood picture did not indi-
cale recovery i and Gse 19, beeause of 2
SOVOLC Fhngrenous pnenmenia, with an ab-
novinally high blood sueray Blood and wrine
ketones returned loox nermal Jevel fullow-
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ing trealment, even {liough she was not eal-
ing, and dealh ensued alter the third day).

In the remaining 10 cases, recovery did
not occur williin a reasonable time, Nine
of Lhese also had glucose therapy, to which
only 1 responded; 2 of them also showed
no improvement. from godinm propionate
given orally. Two had ulering infection:
and did nol recover from signs of ketosix
anbil the iufeelions subsided. Tive of Ll
10 recovered when pul on road pasture.

In general, the blood sugar increased and
blood and urine kelone values decrease:
with the progress of recovery,

Four cows in another herd, which man-.
fosted elimical signs of ketosiy, recovers
when piven 15 1 of sodiuny acetate daii -
for four successive days. Their blood and

TABLE I—FEffeet of Sadium Acelale on Plood Values of Cows with Ketosis

| Before treatment . After trestment Sodimn acetare
ST Boed | Blead Urine | | lood | Blood | Usine Period | Totl
Case | Mtk i sugar hotones Ketanes Mitk | sugar | kreoaes kerones fed amount
(N 1. Ut gt omgt ! T . mg.Se 0 o mEte mg.% 1 (days) ! 1b.
RUCOVIRED WITHOUT OTIHFR TREATMENT
1 W T v 97 | 50| i ‘ I o s
2 | 35 i 3i i ™ : e W0 57 s 7 5 i £.50
3 | i3 ! 53 : 13 o152 57 i 3] | 4 ! 4 ‘ 8 : 7.50
T S Y O S LSS B A 4 k 22 I 550
s 1T oas 3] TR £ & 2 1§ | 5 21 i g 1 250
o ! 35 . A6 12 R L 38 i 52 , 5 ! AR 13 ! 2.50
7 ! 38 42 ! v | 65 54 ! 62 ] q | il I 2.03
8 s b3 b3S s O 6 b1
Y 8 ' a7 | 25 | L6 ! 59 7 ! 20 17
10 a2 0 3w ! 17| 15 ss Los6 RIS 7 T R R
il ! - 60 i 8 . . ! 52 ! +4 : ‘ 3 i 2.69
12 ; 3 . 59 ! 3 ; 28 il i Ho ' 2 i s i - | 100
13 ' e ! 45 : i ! 15 . | 52 ! 3 : 8 2 6.50
14 I a8 58 9 H 18 T | 59 i 3 7 ! .00
15 : 50 ! L . 7 i i3 53 ! 51 7 i ! 3.50
16 I 42 1 50 ! G i 91 A | 50 ! 6 bl 8.0
17 : 49 ! 42 ' 4 1 75 53 | 50 : 5 M ! 6.00
18 i i L ; . ! 23 . ! 57 i M 1 ; .50

RESULTS QUISTIONABLE DUE TO COMDPLICATIONS. INCOMPLETE
PREATMIENTS

Ty - 93 T '+ | 10i ‘ 6 3 ! 37T TTse
20(b) 70 i . A6 . - |72 39 30 | 113 \ 7.50
2hc) 35 30 13 i 196 [ ' : 13 N E A ' 7 : 3.00
22ed) 66 56 s : boros %2 4 ! . i 7 ! G.50
23¢d) S i 32 32 } - s 3 3 . 5 §.50
2i0dy 35 ' it 29 .82 [ 61 ' 7 27 11 ; 9.50
PPARENT BENEFIT FROM SODIUM  ACETATE
' 51 52 U ) 5 23 a6l 5 | £.50
33 73 R i 12 i 25 P10
31 7 40 | -t 8 PY] 7 ! 300
i 38 14 205 [ i kit ’ 37 448 a7 | 6.5
G602 e g 72 51 w0 6 1 15.00
28 20 138 03 i3 12 311 22
16 21 2350 | - 30 K1 | 14 |
. 47 19! 82 - i 30 3 ©o1as 7 i
33e.g) 2 $0 34 vy i SK 3 ' B , sS40 S '
Tite.g) 3 +8 19 oo P ER) 32 A s !
(1) Ketosis sceondary 1o preamonia with clevated temperature and hiph blood sugar == dicd after third dayy
pietritis; (¢} fo epportumey dor Liter samples — ownr feported tecovery without further teatmenty (d) abso receivdd
plocuse therapy — fevooered  drom isiead osignsy {0 alser failed o respund to glocose therapy: () recosered tollow-

Gz w0 lotrvenous plugons tdinnbs ) also foiled o pespond o sodium propis
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arine were not analyzed and they are not
included in table 1.

DiISCUSSION

It is difficult to evaluate accurately any
treatment for kelosis. Since it is not pos-
sible to produce experimentally the condi-
tion as it occurs iu the field, the investi-
gator is limited to naturally occurring cases,
which necessitates cobperation in privately
owned herds where pari, of the animals can
not be left without treatment to serve as
controls, nor can other treatment be for-
bidden,

Probubly a faiv percentage of animals
would recover spoutancously within a rea-
sonable time; conscquently, the value of
any treatment is likely to be overestimated,

- Satiafactory information on the frequency

or pattern of spontiancous recovery’ is not
available 1o provide a standard for evalu-
ating the effectivenesy of - treatment, Fur-
thermore, ketosis ocvurs in varying degrees
of severity and may be complicated by vari-
ous contribuling factors,

In the cases reported, there was no sclee-
tion except that those with a questionable
diagnosis were omitted. The hlood letone
level of some of the c¢ases shown in table
1 was within a range ordinarily considered
normal, but all showed definite clinical signs
with the odor of acetone on the breath,
anorexia, and positive qualitative urive re-
action,

The frequeney of recovery was sullicient-
v high to indicate either that the acelate
treatnient was beveticial or that thete may
Lo reason tn question the justification for
utine treatment. The paliern of yecovery
in relation to treatment indicatad that the

ium  acetate countributed to recovery.
Caly 1 of the 10 which did nol rezpend o

setate responded to other treatment

The sodium salt of the acelate was used,
sipee it is inespensive, readily obiainable,
“nd not unpalatable o mest animals, Since
sodium componnds [ront saliva are the prin-
<ipal buffering arents in the rumen, the
{ntty acids preduced by rumen fermenta-
tion are probably absorbed as sodium salts.
These fatty acid ecomponnds appear to be
ahsorhed directly from the rumeun, reaching
the blood stream quickly. '

The neeotate, 1 readily metabelized source
of cHereEy, may have a s:p:n'in}:' aclion on
blood susavs, or may conlribute diveetly
to complete oxidation of the fats, The so-

dium, by incrcasing the alkali reserves of
the blood, may contribute to relief of any
acidosis caused by the kclones in the blood
stream,

Also, sodium acetate seemed o have a
stimulating effect on the appelite of some
animals. It is nontoxic,. as indicated by
a trial with 18 normal cows fed 1 1b. per
head daily during ten-day periods.

Sodium acetate should be compatible with
other treatments and may have value when
used in combination with them. While in
some cases Lhe apparent response to acetate
feeding was almost immediate, vsually the
reaction was slower than with  glucose
therapy. The freguency of ketosis recur-
renee following a single intravenous treat-
nient, with glucose sugzests that oral so-
dium acelate might be uscful following
glucose therapy. Iavorable results from
such use in a few cases have been reported
hy a codperating vetevinarian. More ohser-
vations are needed for adequate evaluation
of this treatment.

SUMMARY

Sodium acetate was fed at rates varyving
from 1y to 1 1b, daily to 34 cows showing
signs of ketosis. Blood sugar and ketones
and, in most cases, urine ketones were de-
termined,

Of the 34 cases, 18 recovered with no
other treatment, 6 were confused by com-
plicatingr factors, incomplete informaiion,
or by other treatment given simultancously,
and 10 failad to respond. Of the 10, 8 also
failed to rvespond 1o intravenous plucose
treatment, and 2 of the 8 ta =odnum pro-
pionate feeding., Only 1 of the 10 responded
to glucose therapy.

Fifteen other cows from whicth hloed
samples were net analvzed made satistoe-
tory recoveries from elinfeal sins follow-
ing sodium acetate as the sole treatment.
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Acids as Ponlery Meat Preservatives
Poultry Seu “4¢2) i 5 E2- 0,965
G ] MouNTNREY AND J. O'Maciey
Ohio Ngericultural Lo pes iment Stution, Woosler, and Oliio Stale University, Columbaus

(Recvived for publication September 17, 1964)

. l) RESERVATION of poultry carcasses
by the use of edible acids has been dem-
onstrated by several workers, Amang the
acids which have been investigated are
snrhir,|1)tll‘(n'hhn'i(,l:u‘li(',;mtlc‘ill‘i(‘;lcids.
Phree groups have reported on the use
of sorbic acid. Mever efal., (1959) inwork
with wdible coatings reported that when
sorbic actd was combined with agar, gel-
carin or lipid contings, shell life waz in-
creased, Two vears later, Kalovereas of al.,

(1961} reported that thake ice confaining

This investigation was supporied in part by
Bureau of Stare Services, Public Health Service,
Department of Health, Fducation and Wellire,
Grant No. EI70GHS,

ghvenl diformate and sorbic acid had some

effeet on extending the shell ife of poul-
Iryv aneat, T

Perey el al., (1901) developed a methad
in which carcisses were lisst immersed ina
slush ice solution of sodium dihvdrogen
phosphate for 2 hours 1o lower the surface
piE below 5.5 Then after draining, the
parts were sprayed with a 71°C, solution
of 7.3¢7 sorbic acid dissolved ina 700,
propyiene ghyeol, 20075 water, 107, glyveer
ine solution. Using this method, these
workers were able to extend the shell Bife
of poultry carcasses 13 days.

Lictic acid has also bheen used to lower
Lacterial counts, Silliker o2 al., (1960) in
oculated chill water with Larctobacillus

Ealti

1] B ) S

ol e concentration of 100 X 10° cells/
. ,Hy; using this treatment, they were
e to obtain an additional 3-day exten-
won of shelf life. Murphy and Murphy
1903) observed that chill water contain-
e roneentrations of 0.03 10 0.25% lactic,
dtrie, or hivdrochloric acids hrought a low-
sing of the hacterial count of the chill
and the surface of the carcasses.
They veported that the acid treatment
was especially effective against Pscrdo-
wonas organisms and that Staphylococ-
cus and coliferm organisms which cause

water

food poizoning were also climinated.

The effeet of hydrochloric acid on the
growih of microflora found on poultry car-
casees has been reported y Mountney o
el (1064), They reported that the shel
life of poultry can be extended by adding
30 p.p.m. of THCT Lo the chill water,

One problem in the use of acids, espe-
cally at low pIT vadues s their effect on
Haver. Kazeniae (1901) in work in which
lietic acid was added to chicken broth re-
ported that Jactic acid, being a natural
component of chicken hroth, contributes
to sood Havor and mouth satisfaction.

T view of the past work on the use of
ncids as preservatives for pouliry car-
crsses and other foods, the present experi-
ment was designed to determine the cffect
of different acids and different concentra-
Uons of acids on prolonging the shelf life
el poultry carcasses and to obtain infor-
Cation which might help to explain the

Aharacteristics of these acids which are

sponaible Tor their inhibitory ciieets.

AMATERIALS AND MIETHODS

Legs and thighs Trom warim, subscalded,
croiler carcasses obtained from a local
wocessing plant were removed inoone
Siece from the carcass and the skin-putled
aver the cut surfaces and held inplace
with toothpicks. These parts were then

agitated together ina peptone sall water

ACIDS A5 MEAT PRESERVATIVES
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solution on a mechanical shaker at 20°C.
for 1§ minutes, drained 30 scconds and
then immersed in unbuffered solutions at
2°C. of either acetic, adipic, citrie, fu-

maric, hydrochlorie, lactic, malonic, phos--

phoric, succinic or sorhic acids for two
hours. All solutions exeept sorbic which
was pl 3.0 were at pIl 2.5, Sorbie acid is
not soluble in water at the concentration
required for a pl ol 2.5, After the carcas-
ses were renoved from the solutions ptl
determinations were made again Lo deter-
mine the influence of the meat on the sol-
utions, "The pll levels at this time were
acetic, 2.9; adipic, 2.9; citric, 2.05 fumaric,
2.0; hydrochloric, 2.0; lactic, 2.9; malonic,
2.6; phosphoric, 2.8; suceinie, 2.7; and
sorbic 3.4, Those acids which inhibited the
greatest numbers of microorganisms were
tested further at pif 3.0,-3.5 and 4.0 re-
spectively. In addition to the acids, a con-
trol sample immersed in distilled water
and a sample immersed in 10 pp.an. of Ac-
ronize (chlortetracyeline) were used as
reference standards. After chilling, the
parts were removed Trom the respective
acid solutions, drained for 30 seconds and
then stored individually in polyethylene
bags at 2°C.

Tolal plate counts were made at two
day intervals by swabbing a 2cm? arca
with @ cotlon swab moistened with pep-
tone salt water and then inscrting and
breaking the swab ina dilution blank con-
taining 99 mb of sterile peptone salt wi-
ter. A different area of the thigh was
swabbed each time. After further dilu-
tions and triplicate plates from cach dilu-
tion were made, the plates were incubatued
48 hours at 20°C, and counts made with a
Quebee colony counter. -

Odor scores were made independently

by three members of the Taboratory stadf
at two day intervals prior to making bac- -

terial counts,

Taste tests were conducted by a pancd

1.8



o punvative ¢ feetiveness of edible acidy in

e e bevond control samples ay meas-
wred by it indicairens of objectiondble odor and
Dactetial conads ot 11

o Aeid Odor 107 Count
Comporid PI2A plE 2 S
Percent? Dravs Davs
\retie SRR .0 [T
Adipic LR 6.0 0.0
Surcinic [IER o.0 0.0
Citrie 000 L 4.0
R A eranize) 3ot R VE
Funinie 0,00 2.3 0.0
Mo onn 1.0 2o 2.0
Sorbic Not ol 2.0 0.0
Hydrochlorie 0,010 2.0 2.0
'rosphuiie 0 015 1.0 0.0

Lactic O 278 0.0 0.0

D 3.6,
Pereent eomeentration at pIT 2.5,

:
with previons taste panel experience on
chicken broth and samples of meat from
chicken thighs treatal with distilled wa-
ten, adipic acid at pll 2.5 or 3.0, or suc-
cinic acid at pll 2.5 or 3.0. The pl of the
broths were 3.1, 5.8, 5.3, 6.3, and 6.5 re-
spectivelv, Broth was made from saumples
cooked with 11 times the weight of the
meat. Members of the panel were asked to
the 5
their preference.

arrange samples in the order of

RESULTS

Table 1 lists the acids in order of their
efflectiveness in ihibiting the growth of
microflora on pouliry carcasses and also
some of their ehracteristies, The number
of davs shelf life was extended beyoud the
control sumple is shown in Tahle 1,

Fig. 1 and 2 illustrate the preservative
effects of the several acids at ptl 2.5, In
thase ciazes where no counts are shown on
the graph for a particular acid, counts
were less then a log value of 2.5, These
same tests were conducted uging acetic,
adipic, hydrochloric, Tactic and suecinic
acids at pH L0 A that pl oo preservas
tive action was observed. The acids ap-
prared o cxert their greatest inhibitory

G. 1. Movnrvey ann 0 O'Maney

effect by killing Large numbers of organ.
istns during the two hour immersion p
riod and Dy extending the kg period
wrowth.

Acetie, one of the most effective inhith
tors, wits Tonnd to he unsuitable for nse
a preservative far pondiry neat at the co
centrations required hecuuse the shin
the carcass became havd, feathery, oo
clistening as a result of protein denatu, «
tion. Aeetie acid has a chain fength of
and contains a single carboxyl group,
With the exception of HHCHit has the o .
est molecutar weight ol all the acids
tested,

Adipic and suecinic acids are equal 1w
acelic in their ability to inhibit microo.-
ganisms, Both acids have two carboxy
groups. Adipic has a chain length ol five
and succinic, two. Of (he three, succeinic
appears to have the best combination of

10
0——-0 CONTROL
b——=hA HCI
o 27 ¥———x CITRIC t—a
»———@ LACTIC
A--—--d ACETIC

CE CONCENTRATION OF MICSCCRGANISMS / CM

2 -
o
-1
-
Fo) UMY DRNOEY (RN B S T
0 2 4 5 8 10 12

DAYS STORAGE AT 2° C

I're. 1. Bffeet of seleeted acids at pif 2.5 on
wrawth of micreflori on poultyy carcusses.

. }
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characteristics  for commercial applica-
ton. Not only is the cost per pound less,
hut it does not require as much of the dry
powder to obtain a pll of 2.5 as adipic.

Acetie, adipic and succinic acids caused
the skin of the carcasses to whiten shightly;
however, the effect §s more pronounced
with acetic acid than succinie. The strong
ador of acetic acid on carcasses is olfen-
dve, while those associated with adipic
amd succinic acids, although detectable
under some conditions, are not unpleds-
ant. T tests where a panel of 7 members
were asked Lo express tiweir preference for
broth and meat from unwashed adipic and
succinie actd treated carcasses, no signifi-
cant differences were obtained (p. <01,
Washing carcasses in cold running water
hefore cooking removed most of the acid
taste,

Hydrochloric, lactic and sorbic acids,

o
9 -
N
*
(2]
~ 8-
N
b
w
Tt
i)
(¥}
1", 6 _
5 -
Py w—
R r— ,/ o——0 CONTROL
“ A————& PHOSPHORIC
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‘.‘); p————a  FUMARIC
! . * ADIPIC
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!
P A DA SR SRS S SO
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I, 2. EfTect of sclected acids at pH2.5 on

growth of microflora on poultry carcasses.
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2

2t O———0 CONTROL
b———4 ADIPIC pH 3.3
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A————X ADIPIC pH 3,0
1 o-——@ ADIPIC pH 2.5
Py PSR U NS O OO SO R |
o 2 4 6 8 10 12 Ty

DAYS STORAGE AT 2°C

116, 3. Effect of pll on growth of microllora,
adipic acid.

although they inhibited growth, were not
as effective as acetic, adipic or succinic
acids in extending shelf fife.

Because adipic and succinic acids ap-
pear Lo hdave promise as prescrvatives,
their effects at ditferent pll values were
studicd. These are shown in Fig. 3 and
Above pll 2.5, inhibition decreased and
extension of shelf life declined until at pli
4.0, no inhibition of bacterial growth was
observed.

SUMMARY

Ten acids, acetic, adipic, citrie, fumaric,
hydrochloric, Tactic, malonic, phosphoric,
and succinic were added to the chill water
of vut-up poultry parts in amounts re-
quired to bring the pll to 2.5 and one acid,
sorbie, to bring the pll to 3.1 Acronize
{ehlortetracyelined at a level of 10 p.pom,
and distilled water were used as stand:
ards for coraparison. When measured by

1LG-
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Vi, 4 Efivet of pIlangrowth of wiceaflora,

sueeinic acid,

total numbers of bacteria and number of
davs to ol udor acetic, adipic, suecinic,
citrie, CTC, Tumaric, wadonic, sorbic, hy-
drochlorie, phosplioric and Tictie acids

were effeetive in that order. Aeetic, adi-

pic and suecinic acids brought about an

inerease in shelf life of six divs more than
the control and three davs more than
1O, Using adipic and suceinic adids, it

wae observed that as the pllinereased

from 2.5 (o 3.0, 3.5 and L0, the inhibitory

effects declined untit no inhibition was ob-
served at 0.

Acetic acid was considered unaceepta-

ble beeause of its pungent odor and its ¢f-
feet on the skin. Adipic and succinic acids
vave the hest overall results bhoth fron.
their ability 1o inhibit growth of micro
Tora and st have an acceptable tastes N
siamificant differences (p-L01) in prefer
ence were found by ataste panel hetwee
adipic treated and suecinic acid {reate

siamples,
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Corrosive Poisons

S1r,—1 wish to comment on the statement
on the treatment of corrosive damage to the
stomich made by Drs. S. C. Kennedy and
A. E. Bavaki (14 Octoter, p. 93), where the
use of magnesium bicarbonate was advocated.

Corrosive poisoning by acetic acid is not
a rare occurrence in Ceylon, especially in the
rubter-producing areas (acetic acid being
uszd in the coapulation of rubber latex and
being available “over the counter 7). Our
teachers used to impress upon us that
magnesium  hydroxide or dilute  calcium
hydroxide should be used locally in the mouth
and be given orally whenever the patient
could swallow—which was seldom. Bicar-
bonates were not advocated owing to tlie
theoretically increaced risk of perforation due
to the evolutien of gas, which I believe is a
reasonable assumption.—I am, etc.,

London S.\V .4, D. R. MUNASINGHE.
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EFFECT OF FATTY ACIDS ON SHIGELLA*

Mitsuru Nakamura and Marilyn Jo Zangark*

The mechanism of pathogenicity in Shigeffa has not yet
been clearly elucidated. A nurber of variables appear to be
important; namely, the host, the agc of the host, the size of
the infective dJosc, the wstrain' and species of the ctiologic
agent, and the normal intestinal flora. The role of the normal
intestinal flora in Shigelfa infections has been reviewed re-
cently (5, 6). There is general agrecment that the normal bac-
terial flora protects the animal against infection and discase
due to the Shigellae.

Several workers recported that the growth of Shigella was
inhibited when grown in a mixed culture with other bacteria (1,
4}, The associated bacteria apparently produced some chemical
or physical change in the environment that affected the growth
of the pathogen.

The mechanisms of these interacting reactions become of
interest in crder to establish the specific role of the normal
flora. Hentges reported that Klebsiellfa inhibited Shiaella in
mixed cultures (2). He supgested that the formic and acetic
acids produccd by Ktebsicffa were responsible for the inhibi-

‘tion of the Shigella,

The present jnvestipation was undertaken to study the ef-
fects of several fatty acids on the in vitro erowth of §,
sonned and the related species [schenichia cotd as well as the
enteropathogenic variant of E. coli. The cffects of acctic,
propionic, and octanoic acids were studied on E. coti B, E.
coli OB E 0127:B8 (entcroputhogenic), S. sonned strain 9453,
and S. sonnedl strain 6761, The bacteria werce maintained and
exposed to fatty acids in the chemically defined medium (2).
The pill of the media containing various concentrations of fatty

- acids ranging from 0 to 1.8 percent was adjusted to 7.0.

standard plate counting techniques were used to enumcrate
the bacterial populations after incubation for 24 hours at

C37° ¢, The activity of the fatty acids on the growth of

* This investigation was supported in part by a rescarch grant
AL-07668-01, National Institutes of Health, U, S. Public
Health Service.

#n yndergraduate vescarch participant in microbiology supported

by grant Y-2547, Undergraduate Education in Science,
National Science Foundation.
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vakamura and Zangar: Effect of Fatty Acids on Shigella:

E. coli B is illustrated in Figure 1, Octanoic acid was highly
toxic and a concentration of 0.3 percent essentially sterilized
the culture, Acetic and propionic acids, after producing an
jnitial partial inhibition, did not significantly reduce the
growth of this organism even at 1.5 to 1.8 percent. Octanoic
acid was the most toxic fatty acid for E. coli OB E 0127:B8
(Fig. 2). Acetic and propionic acids were less inhibitory to
this strain.

The dosg-response curves in Figure 3 and Figure 4 illus-
trate the activities of the fatty acids against S. sonned
ctrains 0453 and 0761, Cctanoic acid was the most bactericidal
of the fatty acids. Propionic acid was inhibitory to both
strains, although there was a slight difference in the rate of
irnhibition. The jethal effect of propionic acid was exponen-
tial, Acetic acid was highly toxic to strain 6761 but rela-
tively nontoxic to strain U453 of S. sonnei. This is inter-
preted as due to strain difference in susceptibility to acetic
acid.

The three fatty acids studied exerted different inhibitory
patterns on the related bacteria studied, According to lentges
the inhibitory activity of acetic acid cannot be attributed to
a hycroger lon effect aione (3). However, the rechanisms by
wnich these fatty acids exert their antibacterial effect are
not uncerstood,

tientges has hypothesized that the fatty acids, particu-
larly acetic acid, are inhibitory for Shigeclfa in the intes~
sine (2)., It is possible that the fatty acids produced in the
intestine by the normal flora irhibit the Shigelta and thus
Teduce the possibilities of discase following infection. In
vicw of the fact that our results suggest & considerable varia-
tion in susceptibility of S. sonred to acetic acid, we would
like to suggest that other mechanisms may operate, besides
fatty acid toxicity, in the interaction between Shigetia and
the normal intestinal flora, Furthermore, the acetic acid pro-
Jduced in the intestine will also inhibit E. cold, resulting in
a much more complex interacting system than merely the inhibi-
tion of Shigelfa by the products of another organism.

Currently we are studying the effects of other fatty acids
on Shigelfa. We plan to study the effects of fatty acids on
ShigeLLa-EAcheAchLa hybrids in order to determine if there are
phylogenctic relationships among these organisms in relation to
fatty acid sensitivity. ’
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E. K. Nelson and H. H. Mottern

rganic Acids in Honey"

Division o¥ Foop ResgarcH, BOREAU OF CHEMISTRY AND SoiLs, Wasmncror, D. C.

HE volatile acids in
. honey have been men-

tioned in the literature
(8,4,6.8), but 1ittle has been
ublished as to the nature
and emount of the non-
volatile ncids. Heiduschka
(7) reports the presence of
lactic, malic, tartaric, oxalic,
end succinic ecids in honey
but the methods Le used,

gince they cepended on gcparat
that were not gpacific, were pot above criticisia.

The volatile and non-volatile acids in fifteen samples
of honey have been determincd. The total volatile
aclds range from 0.011 to 0.051 per cent, and consist

- mainly of a mizture of formic and acetic acids. Sage

honey has the largest amount of acetic acid (0.046
per cent), and tulip honey has the largiest amount of
formlc acid (0.024 per cent). Cltric acid accompsnied
by malic acid was found In all samples. Succinic
acid was identified in the samples of higher acldity
(sourwood, cotton, and tulip).

the honeys. An B0 per
cent solution was prepal

from 4 kg. of sucrose, and 5
grams each of malic and
citric acid were added.
The solution was diluted
with water and slcohol and
precipitated with lead sub-
acetate exactly as in the case
of the honey samples. Tre
total acids recovered from the

ions and oxidation reactions  lead precipitate had an acidity cquivalent to §2 per cent of
the original acidity. An aliquot of 100 gratas of the solution,

It is well known to honey producess that different florsl representing one-fiftieth of the total quantity and containing
varieties of honcy have marked differenced in quality and 0.1 gram exach of citric and malic acid, W&s analyzed. The
flavor. In order to ascertain the possible relationship of the amount of malic acid recovered was 0.079 gram and of citric
crganic acids to {heze favor diffcrences, as well ag to furanish acid, 0.079 grom. Therefore, it is safe to assume that the
further informstion on the orgenic acids present in Aracricen  figures for citric and malic acids represent not more than
houeys, Giteen cnanpres of honey of different floral varicties, 75 per cent of the amounts actually present.

produced in 1929, were examin
lected from various parts of the United States, with one sam-  Was not accounted for by th
ple from Hawaii,? and were representative of the chief com- This discrepancy is purtly d
mercial varietics on the American raarket. There was no  the lead salts from such 8 dilu
- evidence of fermentation in any of theze samples. but other acids of unstable character, related to the sugsrs,
Determination of Non-Vola cile Acids may also be present, which were not identified.
It was the intention to apply
to the separation and identification of the non-volatile acids

=d. These houeys were col-

the ester distillation ethod

There wag o large titratable seidity in ol samples which
we sum of the acids determined.
ue to incomplete geparation of
to solution of thie organic ncids,

Determination of Volatile Acids
The volatile acids were determined by steam-distilling

inhoney but, owing to the very snall amount of acids present 100 grams of honey diluted to a volune of 150 cc., keeping
and the large quenbity of honey reyuired to 3‘?]‘1. 8 '5}151“10‘5‘11.t this volune constant. and collecting 1 liter of distillate. The
amount of the mixed esters for & f_mctxona\ distiliation, this combined volatile acids were obtained by adding an amount
was not found to be feasible except in tie case of tulip honey. of salfuric acid equivalent to the alkalinity of the ash and

For the separation of the uon-volatile acids {rom each
other, an unpublished method was used whicih wos devised
by Hartmann ond Hillig, of the

distilling a second Liter of distillate.
s /18 The distillates were titrated with 0.1 N sodium hydroxide
Tood, Drug, and Tosecticide  and evaporated to emall volume. The crganic acids were

Administration. However, this method daes not distinguish  Jiberated with an exact equivalent of sulf uric acid, and the

between malic sud succinic acids, 80 that the results given solutions were boiled with mercuric oxide for 20 minutes
for malic acid include any succinic acid that may be present. under s reflux condenser in order to destroy the formic
Citric acid was weighed as pentabroraoacetone (3), checked  acid. '

i The solutions, after cooling, were filtered from excess
the calcium salt, which was  mercuric oxide, acidified with sulfuric acid, and the acids

for identity by its melting point.

Malic acid was precipitated 23
ignited and the residual calcium oxide titrated with 0.1 N
bydrochloric ccid. In a few cases, where the amount of
material wes sufficient, the malic acid determination was  ence of higher volatile acids,
checked by the tentative method of the A. O. A. C ).

The non-volatile acids were precipitated from the diluted  abie.
To 5 kg. of haney, diluted with

honeys by lead subacetate.

other than formic were distilled and titrated.

Ihe ncids sometimnes had a faint odor suggesting the pres-
but in every case, when esteri-
fed with ethyl alcohiot, the ethyl acetate odor was recogliz-

The total quantities of formic and acetic acid found were

3 liters of water and 6 liters of alcohol, sufficient lead acetate  corrected for the amounts remaining undistilled according to
was added to insure completc precipitation. ‘The precipt Dyer (2).
tate wes alowed to settle overnight, the supernatant liquor

was siphoued off, and the precipitate was washed with 50

per cent alcohol

citric acics corresponding to the average total acidity of purifi

! Reoelved December 12, 1050,
Agricoltursl end Food Clhemistry a
Chemicat Society, Cincinpati,, Oioy September B to 12, 1936,

Presented before the Diviston of cini
t the 50th Meeting of the Argericnn “,‘()ih’;. T(‘Stﬂ for t.xru:r'm tlc;.d

Separation O

f Succinic Acid

: o . Suecinic acid was gseparated from some of the honeys by

The compicteness of the precipitation of the acids as 1"”"1_ extracting the honcy (diluted with water and actlified with
gaite from the very ditute _ahgho\ic sugar sc.‘;utions‘\vz\.s @\‘SYGQ hydruch!oric acild) with ether iu a uontinmus—e.\'truc{ion
by runuing a check analysis with known amounts of matie anid gt The pertly crystalline residie from the ether Was

€uses.

3 Fond Rescarch Division Coatribution 83.

s The selection of samples was made with the assistance and advice
ol the ee Culture Laboratory of the Bureau of Entomolozy.

ministration.

ed by erystallization from water and id ntified a3 sue-
Leid by optical cr}'stn\lngmphic Jaiad and by the e

594
gave ”‘“"’LY;\' > I"\'l“' in ‘l‘"
gave e vy o=ulfs il G4t

& Obtained by G. L. Keenan, of the Foud, Drug, and Insecticide Ad-
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Results Table I—Volatile Acids of Honey
o . o, . . . Foruic AcrTIC
Aalic and citric acids were found in all samples examined. v so Flg“'c Cou- t}stmc Co- F.l‘?"‘“ AceTic
. . . . - -4 i)
Tormic acid, formerly assumed to be an important acid in ARIETY vReR R.;: m;n ;/:‘ m%” (;:“' Torar
. . . . a
honey, is present in a relatively small amount, confirming the '{ulip é‘;", g_gg-{; 3'8(1)1 300?)% g_ggg{ 8'?)(2); g [T
catl T ’ 5 R 18 H Tesquite 1if, . . . . . 005
observations of Fincke (1), Heiduschka (6), Farnsteiner (3},  sage Calift. 0004 0,001 0039 0.007 0.005 O o
and others. Qrange | Saiif, g.g{(w; g.gooi 8‘003:3 g.ggg 0.008 0.0
. . - a, QU . 002 . . D1t
The results obtained are gaven in Tables I and I1. Spl;l;y?sh heedle T 0010 0012 0,003 0.004 0.022 0.0 3
E ¢ Afwia . Db ML 00 000 0 002 0008 0008
cxami i Tover io . L002 0.002 0.0 .006
xamination of Tulip Honey Clover e . Calif. 0001 0003 0.093 0.003 0.007 ©.003
s £ talin 1 X . Cotton Tex. 00606 0005 0008 0C2% 0010 0.0i2
In the examination of tulip noney, 4 kg. were dituted %wccl c!:ver %?”,', 8'803 8'8?)2 g 003:7; gg«()\g g.&o)g (O)my;
. . Tyve o . irewee ash. .00 . . 4 . 013
;nt.(llx m:)ter ;mtctl‘ alfl?\hol and {)Ec:xpxtateczlzw xthd lODlgmm}: Olf Alaia Caiit. 0007 0003 0.004 9.0n3 0:010 0.007
v ctate. \¢ precipitate was n o0 - R ‘hite clover io | . O L0235 . 007
ead subac precty s filtered and washed  4yprona Chiodi ©.002 0,008 0.004 0010 0.011 0.0l4

Carbon dioxide was passed through a water suspension of
the precipitate, and it was then fltered and washed again.
The acids recovered from this precipitate were extracted with
ether, yielding a crystalline acid which, after recrystallization,
was identified by the melting point and optical crystallo-
graphic data 8s succinic acid. The residual acids were con-

. verted into cthyl esters, yielding 6 grams of the mixed esters.

This mixture, fractionated at 10 mm., afforded 0.2 gram
boiling at 80-125° C., 0.33 gram boiling at 125-140° C., 0.7
gram boiling at 140-100° C., €.52 gram boiling at 160-170°C.,
and 2.4 grams boiling at 170° C. Tevulinic acid was identi-
fied in the lowest fraction by means of its hydrazide. This
undoubtedly resulted from the action of the aleohelis hydro-
chloric acid during esterification on sugars occluded by the
lead precipitate. Malie acid was found in the second, third,
and fourth fractions by rmesns of its hydrazide, melting at
178-170° C., while thefifth and largest fraction yielded citrie
hydrazide, melting at 103-105° C. and further identified by
optical crystaliographie data.

A separate extraction with cther of 200 grams of the honey,
acidified with hydrochloric acid, yielded 0.024 gram of puri-
ficd succinie acid, equivalent to 0.012 per cent.

The predominating non-volasile acid of tulip honey, there-
fore, is citric acid {about 0.04 per cent). It also hes about
0.012 per cent of suceinic acid, and a smaller amount of malic

acid.

a This honey has a green color. The producer states that sweet clover
honey or other honey may be mixed with it,

Table HI—Non-Volatile Acids of Honey

ALKALIN-
Free 1ry o Mavie CrTRIC Succrzie
VARIETY Source AsR  AcCIDITY Asm  Acp A Acip
¢, Ce./100 grams® Co % i
‘Sourwood Va. 0.28 23.00 30.0 0.003 0.008 Present
Spanish needle T11. 0.18 17.3 22,0 ‘Trace 0.001
Aifalla Wash. 0.06 13.5 8.3 Troce 0.001 Trace(?)
Ciover Ohio 0.05 13.0 5.3 Trare 0.001
Star thistle Calif. 0.09 23.0 7.5 Trace ‘Trace .
Cotton Tex. 0.24 2.5 420 0.033 0.008 Present )
Sweet clover Colo. 0.0¢4 10.0 43 Trece 0.00L
Firewesd Ya<h, 0.07 9.5 8.0 ‘Yrace 0.001
Alfaifa Calif. 0.17 27.5 20.5 0.002 0.092
White clover  Ohio 0.11 19.5 13.5 Trace 0.0601
Atgerroba Yawali  0.52 13.5 37.0 race 0.001
Aesqoite Calif. 0.15 140 200 0011 0.0607
Qrange Calif, Q.06 14.9 7 5 Trace 0.1
Sage Calf. .06 11.5 6.5 ‘Trace 0.001

a Zxpressed in terms of 0.10 N solutions.
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E¥FECT OF THE PROPIONATE CONCENTRATION - Y
ON THE SPECIFIC GROWTH RATE OF '

Propicnibacterium shermanii

N. M. Neronova, S. I. Ibragimova, UDC 5.76.8.095.42
and N. D. lerusalimskii?*

Working with a continuous culture of Propionibacterium shermanii, we observed that there is an in-
verse relatinnship between the concentration of bacterial biomass and the growth rate (Neronova and
lerusalimskii, 1960y, Evidently, this is explained by the fact that an increase in the concentration of bio-
mass is accompanicd by a deterioration of the composition of the medium as a result of the accumulation
of mretabolic products in it and the loss of nutrients, especially lactate. The influence of the residual lac-
tate concentration upon the rate of growth of!:. shermanii was investigated in another work (Neronova
et al., 1966). This article is devated to the question of the influence of propionic and acetic acid metabo-
lites upon the growth of P. shermanii,

PROCEDURE

The strain of P. shernanii used in the work was cultured for about a year in a flowing medium with
lactate. The mediun: posscssed the following composition: K,HPOy; — 1g, MgSO, * 71{20—0.2 g, (NH,),80,
pH of the medium wus adjusted to 6.7-6.9 with sodium hydroxide. The pH is unchanged during fermenta-
tion on this medium, sinee either one molecule of acetic acid or one molecule of propionic acid (more ac-
curately, their salts) is tormued trom ench molecule of lactic acid. Lactic acid was determined according
to Fricdeman. Volatile aeids were determined by the method of Frolov-Bagreev and Agabal'yants (1951).
Propionic acid wus determined by Nair's method (Nair, 1932), In the determination both of the total vola-
tile acids and of propic:ic acid, suitable corrections were introduced for the amount of lactic acid that was
distilled off with stear:. \cetic aeid was determined according to the difference between the total amount
of volatile acids and the propiva o wcid content. To determine the relationship between the concentration
of products of fermertation und bacterial growth rate, we used chiefly the method of continuous cultures.
At a concentrated flow in the culiure vessel (cultivator), d labile equilibrium is established, at which the
rate of increase in the microbinl biomass is equal to the rate of its removal by the flow of the medium,
while the concentration of fernientation products remains at a constant level. This permits a more accu-
rate Jdetermination of the retationship of interest to us. In the first series of experiments, the culture was
grown for a lony thre in ne ullivator with a 39 1] capaeity at different rates of flow. The culture fluid
was ixed with mitrogen (Fig, 1), During the experinent, cave was taken to avoid growth of bacteria near
the wall, througk the uac of special parifiers, and in addition, periodic replacement of the cultivator.

— 3 g, CoCl, — 130 mg, 107 veast autolvzate 30 ml, lactice acid from 1.7 to 2.6%, tap water 1 liter. The

In another <erie = of coperinents, a methad of .short-term continuous cxperiments, in which a con-
tinuous calture is penro into several paratlel culiivators with different propionate concentrations, which
we devcloped Cievonove et e, was used Lo study the influence of propionate upon the bacterial
growth rate,

A method of <hor —tern experiments was used for the same purpose. A young culture (13-14 h),
grown nn a nonfi-a g disin, wes poured inte series of tlasks, and one amount of propionate or ace-
tate or apother wo o introduced inte cach of them. The products that were already accumulated in the cul-
ture befose i, ponedout were wivo tal eninto consideration. Immediately after pouring, as_ well us at

Lhe end 0 the crp et e bach usualiy Listcd for 1 hy, the amount of bacterial biomass was determined

——

" Pecen e

Viorleray of Sewences of the USSR Transtated from Mikrobiologiya, Vol.
Vol, 6, S e Tl een, Ny une, 16T oniginal artiele submitted November 29, 1965.
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1, Scheme of apparatus
continuous culturing of
micrvorganisms. 1) Mariotte
feed flask; 2) lower end of air
tube in Mariotte flask; 3) reg-
ulating funnel; 4) drop counter;
5) cleaner of cultivator walls;
6) cultivator; 7) tube through
which nitrogen is delivered;

8) receiver.
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rig. 2. Concentration of biomuss in volatile acids
at certain rutes of flow during @ stable state ol o
culture of . shermunii. DD BEPRIETE £ (R SRR A

(anp D - 0.10.

by nephelometry of the eulture on Qe FEL-56. The
bacterial growth rate coefficients were caleulated on
the basis of the datu obtaine'l.

RESULTS

As an example, Fig, 2 presents duta on the con-
centration of biomass and volatite neids at certain rates
of flow. The summary data on the biomuss of the cul-
ture and concentrutions of the conponents of the cul-
ture fluid at vurious rates of delivery of the medium
are prcsouted in the form of averages in ‘Tuble 1 and
Fig. 3.

The rates of flow are c-haracterizcd in Fig. 3,by
the dilution cocfficients (1), i.c., by the ratio hetween
the umount of the medium delivered pevr hour and the
volunie of liguid in the cultivator. As is well known,
in the case of a stable statle ol the culturc, the speeific
bacterial growth of rate (w18 pumericadly equal to the
dilution coefficient.

In our experinients, the pH was mainiained at the
same lovel. Residual luctate was atways present in
s to insure the highest rate of
Only in certain cariations WAaS

concentrations such o
growth of p. shermanii.
its ConcenTruLion Too low, in View of which the spevific
rate of growth of the bacteriz was converted tu lac-
{ate concentration oi 127 1070 Al aecording to the

formula:

0 0.1 2.2 9.3
Dilution coefficient
_____ f ——

coevesen ———

Fig, 3. Etfect of the dilution coefficients D on
the concentrution of biomass, accululation of
metabolic products (propionic and acetic acids)
‘and on the speci{'ic growth rate of o contindous
culture of P. shermanii. 1) Biomasss 2y lactic
acid; 3y propionic acid; 4) acetic acid.

Sz

e

A . '.;_l N

where p i= the aetund rate of growth ut 2 tactate con-
centration $ and g is he rate of growth ata lactate
N The vatue of the constant

Loronuvi Ul s, 1068

concumrutiun 1. - 107
K, was taken Lron oul work 2
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/'N:\,'ABLFA 1, Dependenee of the Growth Rate of P. shermanii on the Propionate Cuncentration during : i
-olonged Continuous Culturing ';
o Ix‘lm.ax l?cauiual b‘p(‘mhc growth . Total amount .
pilution lactate lactate rate converted Biomass of culture . Propionate
) : . of volatile
coeff., D cone., conc., to lactate, fluid, mg/ml . ) conc., 1072 M
-2 | 1M 12+ 1078 M acids, 107 M
e
0.04 5.10 ! 25.5 12.4
0.06 2.94 18.2 8.2
0.10 1.59 16.1 7.6
‘2 0.16 0.31 4.5 3.2
‘; 0.25 0.46 1.9 2.2
| 0.32 0.39 1.9 1.3 \ )
0.9+ 0.36 1.7 1.1 \
1.0 19.4 0.08 - 0.09 i
1t is distinctly evident (Table 1 and Fig. 3), that the de- \
crease in the specific bacterial growth rate is paralleled by ’
an increase in the content of metabolites in the medium {pro-
: N pionic and acetic acids). ¥From this it may'be concluded that
,"__i:ub\ ae g the main factor determining the growth rate of P. shexmanii
~4 ) is acids. In order to determine which of them more strongly
B~ o inhibits the growth of the cxpcrimental culture, we used the ;
~3 M, TR method of short-term experiments described in the section
J.#,_,_A_—_:—:,::_ﬁ—:f nprocedure.” The results are reflected in ¥ig. 4, from which
o s w5 N5 0 35 A moles/13) it is evident that propionic acid has a stronger effect — it in-
Fig. 4. Etfect of concentration of fer- hibits growth of the cuiture in substantially lower concentri-
S mentation products on the specific tions than acetic acid.
growth rate of P, shetmas ;\L‘(tox‘(lxng The relationship heiween the propionate concentration
n c\pm‘\mcnts. . .
and bacterial grewth rate 18 expressed by a gradually quench-

to the data of short-ter
A) Acetate added 1o the medium Dr) pro- o
. : ing bent curve.
dded to the mediums 2 inpure .
{ acotate, 50 amount of added acetic ac

O * 2, F— . .
A monii is of & different kind.

man_ =

11 - 1072 M, acetate generally h
shove this conce

The curve of the relationship between the )
id and the growth vate of P. sher-

Up toa concentration of 13- i
as na effect upon the bacterial
ntration does inhibition

! pionate 2
form; b) with admistare
of the propionatc.

growth rate, und only

of growth bhegin.

the fact that in the initial culture, after

4 certain amounts of propionic acid formed by the bacteria them-

id added to the medium begins to exert an inhibiting effect upon the

as the content of propionic acid, which

are not additive; the one of them that

Such a unique character of the curve is cvidently explained by
it has been poured out, there is always
selves (rbout 2= - 10°¢ 2h. Avenie ac
bacterial growth onty after ils amount is several times as greut
correaponds to it Tomaer avtivity. Thus, the cffects of the two acids
4 velatively fargt Lount is aetive. Tor confirm this, We¢ introduced various amounts of a

prie and avetaty inal o ? catio into the wodium (Fig. 4). Just as w¢ should have €X-
( ¢ qeids upen the growth rate of P. shermanii did not differ from the ac-
tion of propiontt . amlitions of continuous culturing (Table 1 and Fig. 2), the amount of ace-
tate, 4§ 4 TG, Was cubstantivlly Smalier than that of propionate. Consequently, it may be considered that
Aar determining the rate of ¢rowth of a continuous culture of E. shermanii was

the pr'mcipd active Tue
fine this question. v

is present in
mixtuyre ot p ropit
pected, the eftert of thi= oaxture
Jdone. Vnder e

propionutv .
wort-term cortinuous v\‘p(‘rimcnts to re

thoed of <4
S concemration

hat was estab-
ning the

Wwe nsed the we
entration and biomas
ufficiently close tow

the main factor determi

the residual 1actate cone
toined Chable 2) pr(»vcd )
as finally contirmged that

In all the varintions of the « '-.',)('rinwi\l,
level, The data o)

aintaived ot the same
Thus, it

was m
¢ (1able 1 andd VgL .

lished earlic
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TABLE 2. Dependence of the Growth Rate of a Culture of P. shermanii on the Propionate Concentration
According to the Data of Short-Term Continuous Experiments. Initial Lactate Concentration 11.4 - 16 7 M

yoes Propionic acid Residual lactate Total amownt | Propienic acid
Dilution - A OIS S , o, i ¢
coctf.. D 1072 M in medium concentration, :31191;1 l‘%/()f l( ulture of volatile concentration in
” delivered 1072 M uid, mg/ain acids, 1077 M Jeulture, 1077 M
0.648 0 1.07 0.10 0.97 .76
0.413 1.15 1.09 0.11 .23 1.4
0.274 2.49 1.19 0.13 3.36 2.75
0.176 5.30 1.17 0.12 5,19 . 5.4
0.104 11.2 1.13 0,12 12,10 11.2
1p o
15
/] &
3 (-]
o
5 at
° 02
_~ T s 15
0 1 2 4 ¢ 5 6 7 8 8 won 12p ) f5  Propionate 10 2 Al
Fig. 5 ) Fig. 6 :

Fig. 5. Determination of the constants graphically according to the Lineweaver-Derk method.
1) Data of short-term continuous experiments; 2) data of experiments with prolonged contin-
uous culturing. (Results of two experiments, Tables 1 and 2).

Fig. 6. Relationship between the residual lactate concentration and specific growth rate of a
continuous culture of P. shermanii, Edch point is the average of two to four repeated experi-
ments. Curve calculated according to the equation:

WK . -2
ll=-T’;:’i-)—, Ho = 0.95, K= 1.1 1072 M

For notations see Fig. 5.

growth rate of a continuous cylture of P. shermanii in these experiments is propicnate. An analyvsis of the
data obtained indicated (Ierusalimskii and Neronova, 1965), that the specific growth rate ol the culture is
related to the concentration of metabolites, in this case, propionate, by the following function:

oK,
ll’— Kp P ’

where g, is the specific growth rate on a definite nutrient medium in the total ubsence of growth inhibitors
(propionatc in the case considered); P is the concentration of this substancce;
equal to the propionate concentration at which

The results of the two experiments (Tables 1 and 2) were combined, wnd on the hasis of these data
the values of py and Kp were dotermined graphically (Fig. 5) according to the methe! ol ineweaver and

Berk (Yakovlev, 1064) pg =095 and Kp = 1.1 - 10 AL

INTRER constant numerically



i the growth rate of the culture is determined by the acid present in a re

Y e o

. ‘On the Lasis of the Jaia obtained, we constructed a theoretical curve (Fig. ¢), from which it is evi-
jent that the cxperimentual data from the two experiments corvespond well enough to the theoretical curve
g .

CONCLUSIONS
1. The nicthod of continuous cultures and short-term experiments was used to determine the rela-
tionship between the concentration of fcymentation products (propionic and acetic acids) and the growth

rate of Propionibacteriunm shermanii.

3, Tt was shown that propionate and acetate may act as the growth rate controlling factors for a cul-

ture of these bacteria.

3. Acetic acid inhihits the growth of P. shermanii to a lesser extent than does propionic acid.

ots of the acids are not additive. When both acids are present in the medium,

4. The inhibiting effc
lative concentration maximum,
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SUMMARY

Volatile compounds iselated from dry-cured hams were tentatively jdenti-
fied by gas chromatography retention limes and further verification of the
compounds mude by infrared spectroscopy. These compounds were as fol-
lows: formaldehyde, acelaldehyde, propionaldehyde, isobutyvraldehyde, n-

valeraldehyde, isovaleraldehyde, acetone, diacety], methyl ethyl ketone, formic

acid, acetic acid, propionic acid, butyric

acid, and isocaproic acid. Rs values

and selective indicators were used to identify ammonia and methylamine.

Selective trapping was used to identify hydrogen snitide and trace amounts

of disulfides and/or monosulfides.

INTRODUCTION

¢ commercial economic importance of
. wured country-style hams (hereinafter
Y red to as CS hams) is increasing in the
-.heastern United States. This type of

- was described by Dunker and Hankins
AR
acceptability of CS hams is deter-
hv odor and flavor, among othe
factors. .\ few studies have at-
el 1o relate odor and or flavor to spe-
chemical constituents (Besley and
-~ 19220 Blumer, 1934, 1938; Brady

L1949 Cecil and Woodroof, 1954
«e and Barbella, 1937 : Hune et al.. 1939
cooer 2l 1937, 1961).

ther studies

he

s related to arcma
alucted primarily
These methods may
£ acceprability, but they
ecise enough 1o measure accurately
~Feor of treatments on the development
~ma and favor. The aroma.from C5

~—

itution from the Food Science Depatt-
North Carolina Agricultural  Experiment
~ " . Raleigh. Nortn Carolina. Published with

sl ol e Dirscior of Resenrcin s taper

1381 of the journal Series.
: work is coogerative with the U. S. De-
ent of Agricultere.
rom a portion of a PL.D. thesis, North Caro-
. State-College, 1962
Lresent address: Animal Science Department,
“in State University, Columbus.

hams is distinctive and resembles the flavor:
therefore, it seemed reasonable to assume
that the determination of volatile constitu-
eats is important for objective evaluation
of these quality criteria. This study was
initiated to determine methods satisfactory
for the isolation, separation, and identifica-
tion of volatile compounds i drv-cured €3
hams under prescribed experimental condi-
tions.

MATERIALS AND METHODS

Curing and aging of hams. Sixty-four regular .

short-cut skinned hams, weighing 1416 1b, were
cured for 2 days per b at 3°C with 1 oz of curing
mixture {8 1b NaCl, 2 Ih white sucrose, anrl 3 oz
potassium nitrate) per pound of ham. One-third
of the total quantity required for each ham was
applied w0 the surface on each of the 1st, 3rd, and
10th davs. After curing. the hams were soaked

2 hr in cold water, dried, and then smoked at

21°C by burning hardwood-sawdust. They were
aged at 23x1°C, relative humidity 60+37%, and
air fow 33 ft/min. Hams were sampled after they
were cured and also after they were smoked. They
were sampled during aging at monthly intervals
for 6 months, and aiter 9, 12, 13, and 24 months.
One ham was randomly selected for analysis at
each of the sampling periods.

The NaCl and moisture coment of hams will be
quite’ uniform after curing 2 days/lb aud storing
for an additional 30 days. -

Vacuum distillation.” A 400-g portion of a 1-in.-
thick  cross-sectional center-cut ham  slice  was
freed of subcutaneous fat, ground in a Waring
Bblenter and placed in a sample fiask, and the
volatile compounds were separated by vacuum dis-

[123]
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THERMOCOUPLL
VACUUN GAGE

:L—“—j
Ltz T
=
v :l 1 LITER SANPLY
& FLASE
- EIGE VACUUM
- MANITOLD '
20T (ek—l——vnn
|
VhEaTM. -190°¢c -g80°¢C | -1 1ITIR
POME 10y cocKSi4mm moRny TEAP I0  tEAP T U
1W-ONE WATY YENT
2% -TNO JAY IN3IDS VINT aiee
¥, -IWO WAY OUTSIDE VENT TEAP ]

aWgy -CPEN TO 3TSTEM. CLOSED TO SYSTEM,

OUTSIDR AIB TO FLASZ
TUBING - 16 »m. ZXCEPT A3 NOTED

Fig. 1. Vacuum distillation apparatus (modification of Niegisch and Stahl, 1936).

tillation (Fig. 1). The sample was distilled 24 hr
at 60°C under a vacuum of 200 #. Typical aroma
and favor were developed under these conditions,
Traps, arranged in order of decreasing tempera-
ture, were cooled with ice-salt, dry ice-methanal,
and liguid nitrogen. After djs Hation, tie con-
t=ts of toe traps were poured or bubbled into
approptinte trapping solutions as decrihed below.

e ziter distillation was considered nearly
hicutrai wien the odor of the residue was comparer]

with the o

. : cooked portions of similar hams,
Thus. it appeared that the distil'ation procedure
of volatile consiituents was satisfac-

it coneeivahle that higher dis-
would produce compounds

veolatile carbozyl compounds.
compginds wers trapped in a

ophenylhydrazine
N hydrochloric acid. The
hydrazones were collected
ir and then in a

Micre guantities of other carbonyl compounls,

not have been detectable by the

it prese

above que. -

carbonyl compuunds from hardwond
0 trapred in DNP solution by pull-

: ; Wit 2 vacuam  through a gas
washiny twitle containing the solution.

Gas chromatogranhy of volatile carbonyl com-
pounds. Tije carbony! derivatives were analyzed
by ¥as chromatography using a modification of the
method of Ralls (1980a). An approximate 10-mng
pottion of a mixture of the hydrazones and alpha-
ketoglotaric acid (F:3 hy wt) was wmtroduced into
a Pyrex capillary tube sealed at one end, and

prepared for injection into a gas chromatography
(GC) apparatus (Fig. 2). The parent carbonyt
compounds were regenerated and swept into the
GC apparatus (Model 154-B Vapor Fractometer,
Peckin-Elmer  Corp.) by heating  the capillary
tuhe to 230°C in 15 sec and maintaining  this
temperature ter an additional 15 sec.

The colirn 12 m % 6,33 ) used o separate
the carbonyl compounds was packed with Celite
coated with ditsordecyl phthalare, and maintained a:
82*C. The carrier gas (helium) pressure in the
column was regulated at 10 In/sq in. and gave z
flow rate of 32 ml/min (Woods, 1960).

Tu recover the separated carbonyt compounds,
the tip of a glass tube attached to the exit port
of the gas chromatograph was immersed in 5 mi
of DNP solution wheneveér the recorder response
indicated that a carboayl compound was being

eluted from the column. Severa! runs were made.

to obtain a' suthcient quantity of hydrazone for

subsequent identification by infrared spectroscopy

Each hydrazone was centrituged from solution
washed with 2\ HCI and then with distilled water,
and dried over phosphorus pentoxide.

Infrared analysis of 2,4-dinitrophenylhydra-

Fig. 20 Flash exchange and mjection aparatts.
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ses. The dried hydrazone was mixed with po-
_sum bromide (0.5:99.3) and placed in an
anhle potassium bromide die (Research and
errial Instrument Co.). \acuum was applied
tie die for 15 min, and the die, still under
oum. was placed in a press (17,000 Ib/sq in.)

: additional minutes. The pellet thus formed
..« yilaced in the sample beam of a double bram
“wlel 137 Infracord Spectrophotometer ( Perkin-
wor Corp.) and the spectrum recorded.” The
.trum was compared with 2,4-dinitrophenyl-
irazones of known carbonyl compounds (East-

L an (Chemical Co.) purified by gas chiromatography
* . duscribed above. Thus, known compounds from

Zierent homologous series could be differentiated
. well as compounds having different chemical
_Toups.

Trapping the volatile acids. Short-chain volatile
s were trapped in 1N potassium hydroxide
dution. The potassium salts thus formed were
_ilected over a steam bath and dried in a2 vacuum
Ao at 100°C.

Gzs chromatography analysis of volatile acids.
e method of Ralls (1960b) was used in the
. analysis of the volatile acids. The potassium
‘. of the acids wers heated with potassium ethyl
e to form the ethyl esters (Evans and
\iertson, 1917). The esters were separated by

seocedure similar o that deseribed ahove for

erhonvl compounds, excent that the irjection

fary temperature was raized to 300°C and the

ia temperature to 120°C.

s the individual ethy! esters emerged from the
20 annaratus, they were trapped in a U-tube sub-
c-ued in louid nitregen. The esters were then
! to room ten ~vre and dissolved in car-
chloride 1 CCi.

I c2d acalysis of esters. An aliguot of @
of each ester in CCL (3:93) was placed
A tum chloride cell, ard the infrared spectrum
s recorded with CTl the blank in the reference

pping of volatile basic compounds. The
- am distilled at atmospheric
“ewsure, and the volatile hasic compounds were

1 into a cold trap (ice and salt). The non-
tenaghle gas was then bubhled tiirough 1V
St The trapped comiponents were combined and
~and the drying was com-

il in a vacuum oven at 100°C

Paper ‘chromatography of volatile basic com-
sounds. The hydrochiorides of the volatile basic
~ompounds  were scparated by ascending  paper
chromatography hy the method proposed by Da-
vies of al. (1933}, as modified by Horustein ¢t al.
L1960) and Hornstein (1960). Whatman No. 1
pAper Was weed as the stationary phase. The chro-

LI

[¥)

matogram was developed in a test tube 123 » 230
mm) for 90 min.

Selective trapping of volatile sulfur compounds.
A slurry was mwade by blending 600 g of ham
with 300 il of distilled water. A sulfur ahsorp-
tion train as described by Dateo ef ol (1957) and
Hasselstrom {1937) was used to trap the volatile
sulfur components. Refiuxing and sweeping with
pitrogen (30 mi/min) was continued for 3% hr.

RESULTS AND DISCUSSION

Carbonyl compounds in kams. Fig. 31s
a representative chromatogram of the car-
bonyl compounds from one haw. The re-
teution times for known carbonyl compounds
are given in Table 1. From these values,
the peaks of the chromatogram in Fig. 3
were tentatively identified.

For a more positive identification, the
compounds labeled in Fig. 3 as acetalde-
hyde, propionaldehyde, isobutyraldehyde, di-
acetyl, 2-butanone (methyl ethyl ketone),

CONDITIONS:

SAMPLE SIZE ~
10 MILLIGRAMS

COLUMN -
juts{obEieh 44
PHTHALATY

TIMPIRATIRE -
g2ecC

HELIUM FLOY-
32 ML/ MIN.

BENSITIVIT
S3TTING -2

-YVALER-  —
ALDEHYDX —

A h, 1 [ l
SOV ALEAALDIH YOI ot .

- L —

|

MWINUDTES

£717- BUTANONS {22y
3 T ] T

DIACTYL

FOaMAL D _A_g,,,,.
—'_-{ Airﬁ-‘*y ;
¢ A WO O T

¢ 10 20 30 40 30 60 18 §0 90 100

Y mv. FULL SCALE
Fig. 3. Gas chromatogram of volatile carhonyt
compuunds izolated from a hum aped six months.



126 ) VOLATILES IN DRY-CURED HAMS

Table 1. Retention times of carbonyl compounds
regenerated from 2 4-dinitrophicnythydrazones by
exchange with alpha-ketoglutaric acid.

Retention tinee  Retention volume

Parent carbonyl (min) a (tal) »
Formaldehyde 14 45
Acetaldehyde 22 70
Propionaldehyde 4.0 123
Acrolein 4.2 134
Acetone 4.7 150
Isobutyraldehyde 7.7 246
n-Butyraldehyde 14 363
Diacetyl 115 368
Methy!l ethyl ketone 113 378
Methyl isopropy! ketone 16.8 538
Isovaleraldehyde 17.8 570
Crotonaldehyde 20.5 656
Aldol 210 672
Methyl n-propy! ketone 215 688
Diethyl ketone 222 710
n-Valeraldehyde 257 822

* Conditions: 2-meter column of diisodecyl
phthalate, temperature of 82°C, and a helium flow
of 32 ml/min.

* Retention volume = retention time X flow
rate (32 ml/min.).

and isovaleraldehyde were trapped in the
DNP solution as thev emerged from the
gas chromatograph, after which they were

subjected to infrared spectroscopy.  Excel- -

lent agreement was found hetween different
classes of tha known and sample compounds.
However. the speerrum of a known sample
ot diacety] was similar to the spectrum
produced by a 73:23 mixture of diacety]
and sobutyraldehvde. It is therefore prob-
able that the “diaceryt” peak of the sample

contained some izobutvraldehvde. Other in-

- . ‘- -
vestigators have reporied the following vola-
tile carhonvis in mzat: acetaldehvde, Pippen

et al. (1939), Gaddis

1
stein {1960). and Kramlich and Pearson
}
)

(150} ; propionaldehyde, Pippen et al.
(1923), CGaddis ¢t ¢l. (1939), and Gaddis
and Eilis (1939} ; diacetyl, Pettet and Lane

el
(1940) and Pippen ¢t al. (1938); and 2-

tal. (1938). _
Attempts failed to trap the gas correspond-
ing to formaldehyde (Fig. 3) and produce
the hydrazone derivative. This result may
have been due to the highly volatile nature
of the gas.

Other carbouyT compounds listed ju Fig
were found in trace amounts only; then
fore, no further identification was mad.
However, acetone has been reported in pox
fat by Gaddis et al. (1939). in chicken t,
Pippen et al. (1938). and in beef a
pork by Landmanun (1960) and Hornstex
(1960). Callow (1927) identified formald,,
hyde in smoked nieats. and Hornsten
(1960) listed it as a constituent of beet,

Wood smoke was analyzed, and peak.
were recorded with retention times charae.
teristic of formaldehyde, acetaldehyde, ace
tone, methyl ethy] lLetone, isovaleraldehyde.
and m-valeraldehvde. Petter and e
(1940) also isolated formaldehyde, acetalde
hyde, and acetone ; however, they also found
diacetyl, which was not identified with the
procedure used here. Callow (1927} als
found formaldehyde to he present in wood
smoke.

The ratios among the carbony! com.
pounds as determined by gas chromatog-
raphy remained quite constant during the
entire aging period. except for 2-butanone.
For this compound. the proportion appeared
to increase during the latter pare of the agirg
period.  Although the ratios remained con.
stant, the tozal quantity of carbonyl deriva-
tives obtained from the hams increased with

aging time. This agrees with the results of
Pippen et ol (193%), Gaddis and Efis
(1937), Gaddiz et ul. (1939). Hornstein
(1960). and Mlendelsohn aud Steinberz
(1962), who found that conditions favor-
able to oxidation gave an increase in car-
houyl compounds. :

Whether or not a quantitative relation-
ship exists between flavor and carbonyl com-
pounds is not reported in this paper.

Volatile acids in-hams. Fig. }isa Tep-
resentative chromatogrars  indicating  the
volatile acids (esters) ohtained from a ham
aged 9 months. These acids were identified
by comparison with cliromatograms  of
known acids. retention times for which are
shown in Table 2. The acids found in the
hams were tentatively dentitied as formic,
acetic, propionic, butiric, and isocaproic.

Sufficient quantities of acetic and butyric
acids were trapped to allow cotupurisoi of
their infrared spectra with those of known
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CONDITIONS:
SAMPLE SIZE-S MILLIGRAMS
COLUMN - DIISODECYL PHTHALATE
TEMPERATURE -120°C
HELIUN FLOW- 32 ML/MIN.
SENSITIVITY SETTING -2

F——{" 150cAPEOIC ACID ]
| ]
1

20 MINUTES OMITTED

BUTIYRIC ACID

Mty s

S T

e PROPIONIC ACID

| mv. FULL SCALE

1. Gas chromatogram of volatile acids iso-
" frgm a ham aged nmne months.

Excellent agreenzent was found ; thus,
cation of the same chemical grouping
. Jown. Acetic acid was isolated from
< tams by Blumer (1934). The other

. mentioned above could not be isolated
juantities suffcent o form derivatives.
- one peak was odtained from the smoke

~Jvsis having a retention time the same as

a,

-+ of the formic ester.

“he number and quantity of acids iso-
<=4 were found to increase with the length
* the aging period, except for the quantity
* fyrmic acid. The percentage of this acid
frensed with storage time, but the relative
"crease was probably due to an increase of
" mger-chain acids rather than to a decrease
‘. amount of formic acid. It should he meu-
doned at this point, however, that formic
wcid is a constituent of wood smoke, and
«me decrease of the acid from this source

Table 2. Retention times for ethyl esters ot
volatile acids.

Retention time  Retention volume

Parent acid {min) * (ml) ®
Ethyl aleohol” 19 61
Formic 23 77
Acetic 43 . 138
Acryvlic 77 216
Propionic 79 233
Isobutyric 10.3 330
Trimethylacetic
(pivalic) 118 378
Methacrylic 125 400
Jutyric . 142 454
Isovaleric 204 . 633
Crotonic 215 633
\"aleric 275 830
Dimethylacrylic 367 1174
Isocaproic 39.7 1270
Caproic 533 1706

» Conditions: 2-meter column of diisodecyl
phthalate, temperature of 120°C, and a helium flow
‘of 32 ml/min.

b Retention volume = retention time X flow
rate (ml/min).

cEthyl alcohol is sometimes a disintegration
product of the ester formation, thus forming 2
peak on the gas chromatography tracing.

may have occurred, esprcially  since  the
residual of wood smoke is deposited pri-
marily upon the meat suciace. ,
Volatile bases in hams. Table 3 shows
the paper chromatography results for known
amine hydrochlorides. Comparison of these
values with those obtained from- the spots
on the cliromatogram from the ham samples
indicates that the major portion of the vola-
tile basesgwas ammomnia and a very small
amount was methylamine. This is in agree-
ment with the results reported by Flornstein
et al. (1960) and Hornstein (1960) for
beef, and with the basic compornents of meat
flavor as listed by Laundmana (1960) ; how-
ever, Laudmann also noted the presence of
ethyvlamine, which was not detected in this
study. Pippen and Eyring (1937) found
only ammouia in chicken broth. )
Volatile sulfur compounds in hams. Al-
most immediately upon refluxing and sweep-
ing with nitrogen, -lead sulfide precipiiate
was noted in the solid lead-acetate trap, wdi-
cating that hydrogen sulfde had been liber-
ated from the ham under these conditions.
Several research workers have reported the
presence of hydrogen sulfide in extracts of
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Table 3, Paper chroniat

vgraphy separation of Known amine hydmchlomles.
\\\‘H\
Ninhydrin Methy1 urane
Compoung Re

DRY.-CURED HAMS

test

test
NH.Ci 0.50 Negative Positive )
CH.XNH.-H (I 0.43 Positive Positive e
CH.CH.NH,- HC(Ci 0.33 Positive Positive
CHs:(CH:)-.-'.\'H;-H Ct 0.60 Positive Positive I
CH.—.(CH-.-);;\' H.-HCi 0.68 Positive . Positive
(CHnCH:)_«NH-HCl 0.78 Negative

—_—

meats (Crocker, 1948; Bouthilet, 1951a,b;
Pippen and Eyring, 1957 ; Hornstein, 1960).
A 3%-hr period of continuous refluxing
followed before 3 trace of other precipi
was noted in the Aqueous mercuric chloride
traps. Thus, with a longer refluxing time,
a trace of disulfides and/or monosultides
was obtained. Under the conditions of this
€xperiment no mercaptans were detected.
The methods of analysis used in this
study appear to e, in general, adequate for
détermiuing the volatile Compounds in C§
hams. Since these hams were

tates

aged for long

periods, sonte differences in the amount ang
kiexl of these compounds were nore at the
several samnpling periols,
may exisr he}v.veen agecl

Some A3s0Ciation
Havor ang the de-

these compounys,
work dealing with

faver of €S hams, the possibility shoyld
be taken iz considerarion that carbonyl

AR some contribution to

[ > A==~ e
2ot and FoCareglt 1942

An improved
ny the distrihution ol salt
ams S g, Researel

- e 1934 Chemiea: compounds associ-

vor. Ph.D. thesis.
an State Uniyv: Library, East Lansing.
N, 1633, New Way to cure hams,
el ond Ferimig, . Carolina Ayr.

PES 110, 3

With zzed hRamy Bz

fao Chishen favor.  Fo,d

J. 1931h. Chicleen Havor.  Food
Cesearch 18, 201

Brady, D, E, F. H. Smith, 1., N Tucker, and

T. N, Blurger. 1949, Characteristics of coun-
try style hams a, related to sy
curing mixture, Food Researcy, 14, 305,
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The influence of ,
ruminal infusion of volatile fatty acids on milk yield and
composition and on cnergy utilization by lactating cows

By E. . ORSKOV,* W. P, FLA'T'T, P. W. MOE axp A. W. MUNSON

Animal Husbandry Rescarch Division, United States Department
' of Agriculture, Beltsville, Maryland '

axp R, W, HEMEEN ano 1. KATZ
Untversity of Maryland, College Park, Maryland

(Recerved 1 July I()()S—/]CC([).{(‘J 18 April 1969)

1. In an experiment of 3 % 3 latin square design, four lactating 1olstein cows were given a
haeal rarion designed to induce low pereentages of milk fat. ‘The treatments were (1) basal
ration, a pelleted mixture of lucerne hay (20Y5) and concentrates (807,), with 40 1. of water
infued intearuminally, (2) basad ration with acetic acid substituted for 15-49 of the metabol-
izable encipy (MIE) and (3) propionic acid substituted for 1549, of the M. In the lost
3 weeks of the f-week experimental period respiration trials were carried out in an epen-circuit
inditect eatornueter, "The levels of feeding otiered in the three periods were 325, 275 and
225 keal ME/kg body-weight 7 in periods 1, 2 and 3 respectively.

2. No differences were detected in the utilization of the energy ol acetic and propionic acids,
but there were differences in the partition of nergy into mitk or hody tissues; with acetic acid
infusion more cnergy was secreted as milkand with propionic acid infusion more wus deposited
in body tissue,

2. Fhere was an inerease in milk fat percentagre with agetic acid infusion, but not complete
recorvery to notmal, The millk fat pereentages were 196, 2-58 and 192 for treatments 1, 2 and
3 e pectively, Acetic acid infusion caused increases in the Ciz, C 14 and C16 fatty acids of
pilk fat and decreased the proportion of C18:1 fatty acids.

4. Tt is sugpested that the low percentagzes of milk {at found when cows are given coneen-
trates could result from a decreased extent of fermentation in the rumen, allowing a greater
propottion of the starch consumed to be absorbed as glucose in the small intestine.

The cfliciency of utilization of volatile fatty acids (VEA) for diflerent physiological
functions has been studicd by several methods. Differences in the proportions of
acctic, propionic and butyric acids in VIA mixtures continuously infused intra-
ruminally into fasting sheep had only asmalleffect on the efliciency of energy utilization
(Armestrong, Blaster & Graham, 1957). Vor fattening, all acids were utilized less
clficiently than for maintenance, particularly acetic acid (Armstrong & Blaxter, 1957)

and mistures containing a high preportion ol acetic acid (Armstrong, Blaxter, Graham

& Wainman, 1958). With salts of VIYA, however, 1o difference eould be found be-

Lween acetate, propionate and butyrate in the ability to promote growth in young sheep

(Orskov & Allen, 19004, b, ¢: Orskov, Tlovdl & Allen, 1900). In
supplementation of a hasal ration with a mixture of VEA or with acctic ot propionic

lactating goats

acid (Armstrong & Blaxter, 1905) had only a minor eflect on energy utilization, as
judged by the heat merement. :

. Present address: The Rowett Researdh Institute, Bucksburn, Aberdeen,
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e effect of VEA on the percentage and composition of milk fat has been exten-
sively studied (Stoddard, Allen & Peterson, 19493 Tyznik & Allen, 1951; Balch, Balch,
Bartlett, Cox & Rowland, 19523 Balech & Rowland, 1959; Shaw, Robinson, Senger,
Lakshmanan & Lewis, 1950; Rook & Baleh, 19613 Stanley, Morita & Ucymma, 1964
Rook, Balch & Johnson, 19053 Jorgensen, Schultz & Barr, 1965; Storry & Rook, 19066)
and although the results vary in magnitude it has been established that increases in
milk-fat pereentage oceur when diets which induee Tow milk-far pereentageare supple-
mented with acetic acid or sodium acetate I'yznik & Allen, 19315 Baleh & Rowland
10303 Rook & Bualch, 1901 Stanley et al. 19643 Rook et «l. 1963 Jorgensen el al. 1963,
Storry & Rook, 1966). Towever, a complete recovery of milk-fat pereentage on such
rations has seldont heen accomplished. Recently Storry & Rook (19606) showed that
inteartminal infesion of acetic acid caused milk fat to recover to an extent approxi-
mating to only about 2597, of the deerease, indicating that factors other than ucctic
‘The depression of milk-fat pereentage generally arose from a
greater reduction of the Cg-C16 acids (Balch ef al. 19525 Balch & Rowland, 1930;
Shaw ef al. 1939 Storry & Rook, 1966) than of the C18 acids, and various suggestions

oo

acid are involved.

have been made to explain the phenomenon.

In the experiment reported here the effects of acetic and propionic acid infusion on
mitk-fat percentage and composition were studied. In addition calorimetric measure-
ments were obtained which allowed some assessment of the efliciency with which the
energy of the infused acids was utilized. While it would have been desirable to have
used two different basal rations, the amount of work involved prevented this and it
was decided to use a basal ration which was expected to induce low milk-fat percentage
to ensure that the milk fat might be influenced by the treatment imposed.

MATERIALS AND METHODS

Animals. Four lactating Holstein cows, in which rumen fistulas had been established
3 months beforethe experimental period, were used. "T'he calving dates, body-weights,
ages and other relevant information are given in Table 1.

Table 1. Information about the experimental cotws

Wecks of
No. of lactation on Body-wt .

Cow no. Date of birth  Last calving date lactation experiment (k) Breeding date
450 15 Sept. 1062 6 July 1965 1 38-55 571 Not pregnant
459 7 Nov. 1462 24 Dec. 1065 2 1431 553 I Sept. 1960
445 17 NMar, 1066 7 Aar. 1966 2 7-23 653 Not pregnant
403 4 Jan, 1963 16 Dec. 1966 2 17-35 5 Apr. 1966

554

Design and treatments. A 3% 3 latin square design was used; an additional animal

(465) was also uscd which received the same treatment scquence as onc of the cows

in the 3 x 3 design,
'P'o achieve a completely balanced design, the animals should be of the same age and
stage of lactation. It was not possible to obtain cows with established rumen fistulas

e e e e e o e 8 S+ o £ b
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“which conformed to this requirement, but all animals were in a stage of lactation
where calving dates or pregnancy were not hkely to influcnee milk composition; three
cows were in mid-lactation and cow 4506, which was in Jate lactation, was not pregnant,

"The treatments were (1) basal ration plus 4o L. of water, (2) basal ration plus 40 1. of
acetic acid solution and (3) basal ration plus 4o 1. of propionic acid solution. The

water and acid solutions were infused intraruminally. ‘The Iength of the periods was -

6weeks, of which 3weceks were preliminary; calorimetric measurements were obtained
during the Tast 3 weeks of cach period.

Dicts. In period 1 the level of feeding was caleulated te supply 325 keal metabol-
izable energy/kg body-weight?™ (ME/kg"), in period 2 this was 275 keal, and in
period 3, 225 keal MKy 0% "I'he basal ration was for this purpose estimated to
contain 2+72 keal- MI/g and the ME of the VIA was assumed to be the heat of
combustion (Hodgman, 1962) of the acids. In the periods when acids were infuscd

the acids were caleulated 1o replace 15045, of the ME of the ration. "The amounts of

acetic and propionic acids infused were for period 1, 1633 and 1149 gfday, for period 2,
1492 and 1149 g/day, and for period 3, 1155 and go1 gfday respectively.

The basal ration was a pelleted mixture of 20%, fincly ground (1:6 mm screen)
lucerne hay (Medicago sativa) and 809, concentrate. The ingredients of the concentrate
were maize meal 7377597, soya-bean meal 2425 %, trace-mineralized salt 1-c0 ", and
steamed-hone meal 1-00%7. The average chemical composition of the pelleted ration
was, as pcrccmngt of dry matter, nitrogen 3-12, carbon 44:98, cther extract 2-03, ash
5-09, acid detergent fibre (ADI7) 12:89), lignin 2-23 and ncutral detergent fibre (NDI)
25-20, and its calorific value was 445 keal/g. Acctic acid was found to contain 335
and propionic acid 4-87 keal/g.

Fatty acid infusion. The daily infusion of acids was usually given in 23 b to allow
time for the animals to exercise while the chambers were open and while the tanks
were refilled. Slow speed pumps (Sigmanmotor) were used to regulate the rate of infu-
sion both in the preliminary period and when the cows were in respiration chambers,

Acid-resistant ‘Tygon tubing was inserted into the rumen through the cannula with

about 6o e inside positioned so that the acids were not flowing directly on to the ru-
men wall.

Management of the animals. 'The cows were milked twice daily. Uncaten food was
collected once daily and samples were obtained for determination of dry matter and
chemical analvais. During the preliminary perinds the animals were allowed 1 h exer-
cise daily inoa conerete vard. During the perinds i the respiration chambers the
aninds were given exercise, and body-weights were recorded on days when the
Charnhers vere not sealed, Body temperature, heart rate measurements and checks on
udder condition and general health were made every day m the energy metabolism
Liboratory. The animals were given the basal dict in two equal feeds ut o700 hand
1700 h,

Collcctiom of foods, faeces,wrine, milk, blood and riomen Jluid. During cach period coni-
plete collections and analyses of foods, uncaten foods, facces, milk and urine were mide
during two 3-dav periods and one 7-day period. The samples were bullied during these
periods and preserved for analysis by freczing or drying. On the last day of the 7-day

29 Nute, 2, 3

] | ] LN S BTN B )
0O 5. R, ORSKOV AND OTHERS LI 19uy
Jeriod, at 11-00 h, samples of rumen fluid were abtained via the fistu )samplcs of

blood from the mammary vein. e rumen samples were preserved with 29, saturated
HeCly and the blood with Nal™.

Respiration trials. Open-civenit respiration chambers were used for collection and
determination of earbon dioxide, methane and oxygen as deseribed by latt, Van
Socst, Svkes & Moore (1958) and Moe & Flate (1967). "The chambers were sealed at
the end of the 2nd day alter collections of urine and facees had begun and remained
sealed for 5 consceutive days. Measurements in the respiration chamber were then
taken for the last 2 davs of period 1 and the first 3 days of period 2. After that a third
collection period was started within which facees and urine were colleeted for 7 days
and respivation measurements were made on 5 days, giving a total of 17 days collection
of urine and facces and ten 24 b respiration trials, Small subsamples of incoming wir
and exhaust gas from the chambers were collected in spirometers continuously over
24 h periods and analysed daily. "The results were automatically recorded on punch
cards by the system deseribed by Moe & Flate (1967). Total heat production was cal-
culated from the factors adopted at the "Third Symposium on Energy Metabolism
(Brouwer, 1963). The chambers were kept at an average temperature of 17°7° and a
relative humidity of 5845

Analytical methods. 'I'he methods for analysis for nitrogen, ash, ether extract and
dry matter were the standard procedures adopted by the Association of Oflicial Agri-
cultural Chemists (1960). Lignin, ADEF and NDI® were analysed by the method of
Van Socst (19634, 1963). Gross energy was determined in a Parr adiabatic bomb calori-
meter with an automatic temperature controller (Arthur T ‘Thomas Co., Philadelphia,

metric analyser as modified and deseribed by Smith, Flatt, Barnes & Van Socest (1963).
Milk yiclds, corrected for solids content, to achicve equal energy/unit of milk were
caleulated according to Lyrrell & Reid (1965). Milk fat was determined by the Bab-
cock test, solids-not-fat (SNI) by lactometer, and milk protein by the Orange G dye
test (Udy, 1956). Ketone body estimations were made by the mcthod of Behre (1940).
For the respiration trials, carbon dioxide and methane were analysed in Beckman
Model LB 15 infrared analysers and oxygen in a Beckman Model G2 paramugnetic
analyser. Determinations of pHin rumen {luid were made immediately after sampling
and straining with a Beckman Zeromatic glass cleetrode pII meter. VEA determina-
tions were made on strained rumen fluid, after acidification with 25 % metaphosphoric
acid (5 ml of rumen {luid to 1 ml of acid), by gas-liquid chromatography with a flume
ionization detector. -

The milk fat was separated by centrifugation. Methyl esters of the futty acids were
prepared by adding approxinuately 50 mg of fatto 1 mlof 19 (v/v) 11,50, in methanol.
Mecthylene chloride (about o-5 ml) was then added until the fat was completely dis-
solved, ‘Ihe container was tightly capped and allowed to stand at room temperature
for 14 h. After the addition of 2 ml water, the esters were extracted into two 3l
portions of hexane. The esters were recovered after evaporating the hexane on a steam
bath under a slow stream of nitrogen. The methyl esters were subjected to gas chroma-
tography on a 6 {tx 4 mm stainless steel column packed with diethyleneglycol

1

“USA). The carbon determinations were made with an induction furnace and gaso-

Z19
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succinate polyester (2095) on 80-90 mesh Anakron ABS. The esters were separated
at 170° with an inlet pressure of o703 kg/em®. The peak arcas were measured by
triangulation. _ : :

Statistical methods. In periods 2 and 3 statistical analyses were performed on the
over-all means for the periods totalling 17 days of facces and urine collection and
10 days of respiration mcasurcments. In period 1 the first 5 days respiration measure-
ments for cows 456 and 459 were discarded because of technical failures; the intake
of food and the cnergy balance were calculated from the last 7-day period of facces
and urine collection and the last 5 days of calorimetric measurcments. During period
3, cow 445 becare ill and lost appetite, conscquently a missing plot had to be cal-
culated which, in the statistical analyses, resulted in only 1 degree of freedom for
error. In all the statistical analyscs, therefore, the Detween-cow variability has becen
pooled into the crror term. T'he standard error of mcans is the weighted mean standard
error for comparing means with two or three obscrvations. The regression analyscs
(Vig. 1), however, arc based on cach individual collection period, including those for
the cow which was not in the regular design, and totalled twenty-cight collection
periods. [ R

to

RESULTS i

In Table 2 the food offered and consumed and the excretion of dry matter and ADE
arc given. The food left uncaten was slightly greater when VEA was infuscd, though
the diffcrences were small and not significant. During two trials in period 2, cows 459
and 456 were given the uncaten food via their rumen fistulas. This procedure was

Table 2. Daily food offered and consumed, volatile fatty acids (VEA) infused, fa-ccal
excretion of dry matter (DM) and acid detergent fibre (ADI), and daily intake of
metabolizable energy (ME)

(Mean values are.given for three cows receiving a pelleted basal ration or having
15-4%5 of ME replaced by acetic or propionic acid)

Pasal ration Faccal Taccal
Basal ration consumed  excretion of excretion of MU intake
Treatment offered (kg)  VIA (g) (kg) DM (k) ADV (kg) (Mcal)
Basal 1122 o 1070 283 103 31°30
Basal + acetic acid 8-yo 1427 812 2:07 072 2918
Basal 4 propionic acid 912 1043 821 1'95 . 005 3010
SE of means - — 043 022 006 043

Table 3. Intake of cnergy and loss of energy (Mealiday) in fucces,
urine, methane and leat lost in milk

(Mean vaiues are given for three cows receiving a pelleted busal ration or having
15°4% of metabolizable energy replaced by acetic or proptonic acid)

Gross Bod~ tissue
cnergy Facenl Urince Methane Heat AYIHS CrLeTiry
Treatment intake output output  production production eneryy balarce
R 47603 1323 73 133 17723 1047 +362
Busal L acetic acid 4083 463 123 o83 1620 042 + 31
Bisal + propionic acid 41-82 830 143 1°10 15704 =30 #0027
SE of mcans 050 o587 054 o83 o571 o7 052
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discontinucd when it was found that progressively more food was left uncaten. The
infusion of VE\ did not scem to influence the digestibility of the basal ration, as the
apparcnt digestibility of dictary dry matter (excluding infused VITA) was alinost the
same with cach treatment,

300 —

200 -

100

Total energy balance (keal'kg wt® ™)

1 -
100 200 300 400
ME intake (kcalfkg wt®™%)

Fig. 1. Relation between encrgy balance (milk4-body tissue) and intake of metabolizable
_energy (ALE) for cows receiving a busul ration (3-) or huving 15445 of MU replaced by acetic
acid (A) or propioni¢ acid (@).

"Table 4. Intake of nitrogen and nitrogen loss in faeces, wrine and milk ( glday)

(Mean values are given for three cows receiving a pelleted basal ration or having
15°3% of metabolizable energy repliced by acetic or propionic acid)

Nitrogen Taccal Urinary Milk Nitrogen

Treatment intake nitrogen nitrogen nitrogen balunce
Basal 333 06, 116 101 + 20
Basal + acetic acid 253 69 gL 69 +14
Basal + propionic acid 234 653 bz L) +32

sE of mcuns 11 . 5 4 54 13

Energy balance. Table 3 summarizes the energy balance of the animals. There were
differences in the gross encrgy intake partly because of uneaten food but mainly be-
cause the infused VEA were assumed to be 1009 digestible and substituted on a ME
basis. The differences in faccal energy were similar in magnitude to the ditferences in
faecal dry-matter excretion. 'The reduction in energy losses as urine and methane when
VFA were infused, although not statistically significant, reflect the deereased intake
of fermentable feed. There were no significant differences in heat production. The
energy secreted as milk, expressed as a pereentage of intake, was greater w lien acetie
acid was infused than with propionic acid infusion, whereas in tissue energy balance
the reverse was found. In Fig. 1 the ME intakes expresscd as keal kg®™ have been
plotted against total encray balance (milk +body tissuc), also expressed as kealkg" ™.
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Table 5. Yields /f milk and solids-corrected milk (SCJM ), wvields and content of milk fat, solids-not-fat (SNI)
and protein and milk energy content

(Mean values are given for three cows receiving a elleted basal ration or having 15 o' of metabolizable encrgy re laced with acetic or propionic acid)
gap g2 1540 gy rep -

Milk fat SNF Protein
Milk yield SCAM ——ee A —_— e ———— ——— A Energy
Treatment (kg/day) (kg/day) g/day o0 kg/day % g/day % (keal/g)
Basal 1919 13°91 357 1-96 167 8 612 3°19 ‘035
Basal +acetic acid 15:58 1218 376 2:58 1433 - 833 489 315 061
Basal + propionic acid 1465 10713 254 . 192 124 . 815 430 305 054
st of means 258 1-18 21 033 020 o023 90 009 003

Table 6. Composition of the fatty acid fraction of the milk fat (g/1o0 g total fatty actds),
assuming that the C4 to C1o acids constitute 10%, of the total

(Mcan values are given for three cows receiving a pelleted basal ration or having 15'4+% of metabolizable energy replaced by acetic or propionic acid)

Ci4:1
and :

Treatiment Ciz:0 Cis:0 Cis:0 Ci6:0 Ci6:x Ci18:0 Ci8:1 Ci8:2
Basal 173 933 411 26-60 263 428 3511 15754
Basal +acetic acid 2-29 13713 321 3482 361 332 25'93 368 .
Basal + propionic acid: 325 12°37 2-88 2808 242 568 3096 433
st of meuns 017 1°29 o027 214 o062’ o7t 2°32 1-36
Fasting (single value) o770 2'50 140 - 2490 340 830 46°10 270

Table =. The pll, total volatile fatt acid (VFA) concentration and molar percentages o V'FA in rumen fluid,
/ : S

and the concentration of ketone bodies i blood drawn from the mammary vein
(Mean values are given for three cows receiving a pelleted basal ration or having 15475 of metabolizable energy replaced by acetic or propionic acid)

Rumen fluid

e

— Blood ketone

VFA Isobutyric Isovaleric  Valeric bodies (mg
Vreatment pH (m-equiv. /L) Acetic acid Propionic acid acid  Butyric acid acid acid acetonej oo mti)
Basal 552 1232 544 28's 16 116 s 2'3 83
Buasal +acetic acid 567 1430 ~0-8 17°4 87 07 1’5 1’5 12°4
Buasal + propionic acid 536 885 496 440 10 30 14 12 66
g1 of means o4l 306 44 32 03 27 v o7 o7 11

509 £q sp1ov £33vf 2110702 Jo uonpznn) £z ‘[0A
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There was a highly significant (P < o-oo1) lincar rclationship, ¥ = 0-78x~88, where

y = total encrgy balance, expressed as keal/kg®™ and ¥ = ME intake in keal/kg®™.

The standard error of the regression coclficient was +o-04 and the correlation

coctlicient 7 = 0:96.

Nitrogen balance. 'The differences in nitrogen intake (Table 4) reflect differences in
intake of the basal ration. 'T'he urinary cxcretion of nitrogen was greater when acetic
acid was infused than when propionic acid was infused so more nitrogen was retained
in the latter treatment, though not significantly so.

MGk yield and composition. In Table 5 the mean values for milk yield and compo-
sition have been summarized. The yield of mille was highest when the busal ration
was fed. Between the VIA treatments the yiclds were slightly, but not significantiy,
greater when acetic acid was infused. This difference was aceentaated when expressed
as solids-corrected milk because the milk-fat percentage was highest when acctic acid
was infused. There were no differences in milk-fat percentage between the basal
ration and the propionic acid treatments. The encrgy content of the milk reflected
differences in the milk-fat percentage.

Milk fat composition. "The milk fat composition is given in Table 6. Increases in the’
Crz2:0 and Cr4:0 fractions occurred with both acetic and propionic acid infusions,
The most noticeable differences were in the increases in the C16:0 and concomitant
decreases in the C18:1 fraction when acctic acid was infused. During period 3, when
cow 445 was taken off experiment, a fasting metabolism trial was conducted with her

and the milk fat compositions have been included after 5 days of fastng,

' VEA composition. 'I'able 7 shows the concentration and proportions of VI'A in the
rumen liquor and the concentration of ketones in the blood. As would be expected,
there were large increases in the proportions and concentrations of the acids that were
infused. The proportion of butyric acid on the propionic acid treatment was very low,

" resulting in the production of a negative value for the missing plot of cow 445 in
period 3. Blood ketone concentration was greatest when acetic acid was infused.

DISCUSSION

The experiment reported has obvious shortcomings, mainly due to the small
number of animals studied and to the difhculty of constructing a design which would
be completely balanced. These limitations iere partly due to the amount of work
involved in respiration trials and also to the difficulty of having cows successfully
fistulated. The results therefore must be considered as a first modest contribution
towards solving a very complex problem in the nutrition of the dairy cow; conclusions
reached in the following discussion might well be modified when more information of
this type becomes available. _

Effect of V1 on energy utilization. No diffcrence in energy utilization by the cows
could be detected between the treatments, and there was no suggestion of a lower
efficiency of utilization of acetic acid than of the metabolizable cnergy of the basal
ration or of propionic acid. This is illustrated in Fig. 1, where the encrgy balance has
been plotted against the metabolizable energy intakes per unit of the hody-weight®™.
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The figure includes the values for cow 465 and shows the mcan values in cach of the
twenty-cight collection periods. Despite the fact that the molar proportion of acetic

— acid in the rumen content varied from 50°%, when propionic acid was infused to 709%
when acetic acid was infused, no difference in the slopes was evident. This suggests
that differences in heat production between rations for dairy cows wcre not associated

- with an incflicient utilization of acetic acid and is in agreement with results obtained

with fattening lambs (Orskov & Allen 19664, b, ¢; Orskov et al. 1960). Though there
was no difference in encrgy utilization between the treatments, there were apparent
ditferences in the partition of dictary energy into milk encrgy or body storage. The
- ) ratio of milk cnergy to ME intake was higher when acetic acid was infuscd than when
propionic acid was infused, 033 as opposed to 020, 2 difference which was statistically
» significant (1> < 0-03). Rook & Balch (1961) found that milk yicld increased when

-— : acetic acid, but not when propionic acid, was infuscd.
“These trends are similar to those observed in another experiment conducted at
Beltsville (Flatt, Moe, Moore, Hooven, Lehman, Hemken & Orskov, 1967; Flatt,
Moe, Munson & Cooper, 1967) which showed that dicts giving rise to a high propor- i

—
tion of propionic acid in the rumen resulted in a greater deposition of tissuc cnergy
than dicts in which a high proportion of acctic acid was found, although intakes of
metabolizable energy were similar. )
-—TN o

‘The changes in blood ketone concentrations were in the direction that might be
expected if acctic acid was exerting an apparent ketogenic cifeet. However, no clinical
, signs of ketosis were noted in this experinent.

- " Effect of VI on the fat content of milk. 'The effects noted on {at content of milk
show a similar trend to those observed by other workers (Tyznik & Allen, 19513

: Balch & Rowland, 1959; Rook & Balch, 1961; Stanley et al. 1904; Jorgensen et al.

-— 19633 Rook et al. 1603; Storrv & Rook, 1966). This demonstrates that if the molar
proportions of the V I in the rumen fluid on a dict inducing milk of low fat content
were changed by infusion to attain molar proportions whiclh are not nonmnally asso-
ciated with such milk, the fat content is still not raisced to normal levels (Storry & Rook,
1966). 1t has been suggested (Van Soest, 19630) that digestion and absorption of
starch in the small intestine may be as cffective in depressing the fat content of cow’s
miik as production and absorption of propionic acid in the rumen. If this theory is
extended to suggest that it is the gluconcogenic energy ratio (defined as the encrgy
absorbed as acetic acid and butyric acids in relation to that absorbed as propionic acid
. and glucose) which is most important, an interpretation of the results may be possible.
- Recently, experiments have shown that substantial quantitics of starch can escape
rumen formentation (Wricht, Grainger & Marceo, 145005 Karr, Liutle & Mitchiell, 14060).

[n recent experiments at Beltsville we have used a fermentation balance approach to

-~ catimate factors intluencing extent of fermentation (Orskov, Flait & Moe, 1968). This
. approach requires caleulation, from the VIEA proportions found in the runen, of the
anwunt of methane that would be produced if all digestible carbohydrate were fer-
mented. The caleulated methane production was then related to the determaned

—
methane }n'mluction and used as @ guide to estimate the extent of fermentation, Tt was
L ' then found that increased level of feeding, incrcased proportions ol concentrate and
- .
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decreased particle size all tended to decrease the extent of fermentation and that, with
the basal ration used here, about 50%, of the digestible carbohydrate escaped fermen-
tation; <his observation is in agreement with the results of Karr ef al. (1906).

I this approach is valid, our resultssuggest thatarecovery of milk-fat percentage could
not be expected by restoring the molar proportions of VFEFA to proportions not normally
associated with low milk fat content. This is because the molar proportions of VFA do
not represent the same proportions of dietary energy as when the proportions of VIFA arce
measurcd on, for instanee, a hay diet; in that instance the calculated extent of fermen-
tation was much greater (Orskov ef al. 1968). The results also indicate that the pro-
portion of the dict digested in the small intestine and absorbed, presumably as glucose,
could be a very inportant contributor ta the glucose pool. Tt is thus possible that any
factors which reduce the rate of fermentation or increase the rate of passage of concen-
trate diets (Van Soest, 1963 b) are likely to deerease the yield of milk fut while factors
which have the converse cileets will increase it. The effects of dietary supplements of
cod-liver oil (Shaw & Lnsor, 1959) and bicarbonate (Emery, Brown & Bell, 1965) on
milk fat might well be associated with effeets on rate of fermentation. Infusion of
propionic acid here did not further depress the fat content of the milk, suggesting a
limit to which it can be depressed by these means. 'The mode of action is likely to be
associated with the influence of glucogenic materials on the plasma glyceride level as
shown by McClyront & Vallanee (1962).

Influence on mille-fat composition."The influence of VEA infusion on the composition
of milk fat was similar to that which has been reported previously by other workers
(Balch et al. 19525 Balch & Rowland, 19395 Storry & Rook, 1966). During fasting the
milk-fat composition approached that of body fat.

We wish to thank Mr I. McDonald, of the Rowett Research Institute, for advice
and assistance in analysing the results, the staff of the Mectabolism Laboratory and
of the Biometrical Services Unit, USDA, Belsville, Maryland, for carrying out the
balance trials for routine computations, and the farm staff of the University of Mary-
land for care of the cows. The authors also wish to acknowledge the advice and en-
couragement received from Dr C. C. Balch of the National Institute for Research in
Dairying in carrying out this work. One of use, E.R.O., was supported by grants
from the Carlsberg Foundation, NATO Foundation and the Rask Orsted & Lauritz
Andersens Fund.
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Chronicity of Acetic Acid Ulcer in the Rat Stomach
- Susumu Okabe, PhD and Carl J. Pfeiffer, PhD

Experimental gastric ulcers, produced by submucosal injection of acetic
acid in rats were studied in relationship to healing. Small ulcers healed
completely within 40 days after induction: moderately severe ulcers were
— sometimes found at 150 days, and probably resulted from repeated heal-
" ing and reulceration. Large severe ulcers partially healed and then became
reexacerbated; they frequently increased in size up to 250 days, thus re-
sembling chronic gastric lesions. Throughout the experimental periods,
adhesion of the ulcer base with adjacent organs and delayed gastric emp-
tying were found in most animals. After ulceration, an increase in gastric
volume and acid output and a decrease in protease activity of gastric con-
- - tents were found in chronic fistula rats with experimental ulcers. The
secretory changes observed here may have been secondary to gastric ul-
ceration and/or delayed gastric emptying. The factors responsible for the

reexacerbation of the experimental ulcer remain unidentified.

—

In contrast to human peptic ulcer disease,
— o deep or superficial experimental gastric or
duodenal ulcers in laboratory animals usually
heal within 3 to 4 weeks after induction. Such
experimental lesions reportedly do not break
down and reulcerate spontaneously under a
normal feeding schedule. Additional treat-
ments, such as the administration of ulcerogenic
|- agents (1-4), artificial pyloric obstruction (3, 6)
or surgical procedures (7, 8), can aggravate the
lesions or delay healing, but healing eventually
accurs when treatment is discontinued. Hence,

—
these may not be appropriate models of human
chronic ulcer, and the question posed over a
hundred years ago, *“\hy do acute ulcers in the
L ]
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human often become chronic?” remains un-
solved.

In 1969, Takagi et al (9) reported that an
experimental ulcer in rats, produced by
submucosal injection of acetic acid, persisted for
at least 150 days. More recently, the present
authors found in preliminary studies that this
experimental ulcer, after partial healing at 60
days, was still apparent cven at 200 days (10),
thus resembling the chronicity of human peptic
uleer. In order to clarify the mechanisms of this
chronicity, detailed investigations on the heal-
ing processes in relation to size, location and
adhesion to adjacent organs were undertaken
up to a maximum of 250 days after ulcer in-
duction. In addition, basal gastric secretion of
acid and pepsin, before and after experimental
ulceration, were determined in chronic fistula
rats.

MATERIALS AND METHODS
Gastric Ulceration

As prc\’iﬂu.\]\' reporied (1t 11, muale Sprogue-Dawie
2T

rats weighing 240 16 o owere tned Dupig crber Lness
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Fig 1. Schematic drawing of rat stomach, indi-
cating site of experimental ulcer.

thesia, a midline, epigastric laparotomy was made in the
rats, and after exteriorizing the stomach, 0.01, 0.05 or 0.14
ml of 20% acetic acid was injected into the submucosal layer
of the anterior or posterior wall of the glandular stomach
(Figure 1). After injection. the abdomien was closed and all
rats were maintained normally on Purina Laboratory
Chow and water ad lib. Animals were sacrificed at 3. 10,
20, 40, 60, 80, 100, 130, 200 or 230 davs after the opera-
tion, to assess the healing process of the ulcer. Each stomach
was removed, filled with 10 to 15 ml of 1% formalin, and
immersed in 1% formalin for 3 minutes to fix the outer laver
of the gastric wall (12). Subsequently, the stomach was
opened along the greater curvature, examined grossly for
lesions, and the length and width of the lesions were
measured. The products of length times width were graded
according to the ulcer index shown in Table 1. Adhesion of
the base of the ulcer 10 the surrounding organs (mainly liver
with anterior ulcer, and pancreas and omental {at with
posterior ulcer) was observed in the majority of animals.

Table 1. Indices of Lesioned and Adhered Areas
of Gastric Ulcers

Products of Products of

length and length and
width of width of
lesioned area  Ulcer adhered area Adhesion
(sq mm) index (sq mm) index
0 0 0 0
1-8 1 1-10 1
9-24 2 11-30 2
25-63 3 31-100 3
64-120 4 101-200 4
121-168 5 ~201. 5
>169 6 — —
620

Therefore, the products of the measured width and length
of the adhered regions were rated 10 assess degree of adhe-
sion, according to the adhesion index shown in Table 1.
Specimens were then fixed in 10% neutral, bufiered
formalin and were studied histologically after staining with
hematexylin and eosin. :

Gastric Secretion

Stainless stecl cannulae (11 mm length, 4 mm D) were
implanted in the forestomach of 36 male Sprague-Dawiey
rats (400 to 470 g) according to the method of Alphin and
Lin {13). At least 2 weeks were allowed for recovery after
surgery prior to gastric function tests, and rats were not
tested more often than once a week. Prior to secretory tests,
individual rats were fasted 24 hours (water ad lib); they
were then put into nonrestraining shoebox-type cages for
the collection of gastric juige. The stomach was washed
several times via the gastric cannula with 0.9% saline and
allowed to drain for 30 minutes before each test.

Gastric contents were then collected for 3 hours (10 aM10
‘1pM) in graduated test tubes during basal secretion, and
volume output, titratable acidity (1itrated electrometrically
to pH 7.4 with 0.023 N NaOH) and acid output were de-
termined for each sample. In addition, total protease activi-
ty (pepsin plus gastricsin) was determined (Beckman DU-2
Spectrophatometér) on 0.5 mi samples of hltrated gastric

juice by the method of Chiang e1 al (14), using a 2% bovine:

hemoglobin substrate. Animals were randomly divided into
two groups for these collections, and basal secretion tests
were replicated 3 times (control tests) for all rats. Subse-
quently. one group was subjected to laparotomy alone
(sham control). and experimental gastric ulcers” were in-
duced in the other group by injection of 20% aceric acid
(0.14 ml) into the anterior wall. as described above. Four of
25 animals subjected to experimental ulceration succuinbed
to free perforation of the gastric uleer at 2 10 3 davs after

Digestive Diseases, Vol. 17, No. 7 (July 1972)
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ACETIC ACID ULCER IN RAT STOMACH )

operation. Gastric secretnry tests were continued for up to
15 weeks (103 days) after operation. and animals were then
sacrificed by ether and ulcer size was determined.

RESULTS

The healing processes of experimental gastric
ulcers of different size and location arc delin-
eated in Figures 2 and 3. The degree of ad-
hesion between the ulcer base and the sur-
rounding organs is illustrated in Figure 4.

Healing of anterior gastric ulcers pro-
duced by 0.01 ml of 20% acetic acid. Typi-
cally, a small ulcer was found on the anterior
mucosal wall 5 days after operation. The ulcer
histologically penetrated the entire gastric wall;
in most cases it healed completely within 40
days and never re-ulcerated during observation's

.up to 100 days (Figure 2). Fibrous adhesion

with the adjacent liver was observed in more
than 60% of animals throughout the entire ex-
perimental period, although the adhered area
was small and limited to the corpus. Thus, it
can be assumed that the ulcer was completely
healed, although the adhesion was still present.

Healing of anterior gastric ulcer pro-
duced by 0.05 ml of 20% acetic acid. Rela-
tively large, clearly demurcated ulcers were
found in all animals on the fifth day after

~operation, and the ulcer flor was extensively

covered with necrotic debris. Adhesion of the
ulcer base with the liver, induced by confined
perforation, was moderately extensive angd
persisted throughout the 150-day experimental
period. These ulcers quickly diminished in size
and depth until. 20 10 40 davs by granulation
from the base and epithelization from the edge
of the ulcer. Thereafter, some of the animals
showed complete healing of the ulcer, but others
had small lesions in the mucosa at 60, 80, 100
or 150 days after ulcer induction. At 100 days,
75% (°/12) of the rats had discrete ulcers (Figure
2), probably resulting from the breiakdown of
previously induced but healed lesions. In gen-
cral, animals having a clearly defined ulcer

Digestive Diseases, Vol. 17, No. 7 (July 1972)

showed gastric retention. since the stomiech wirs
filled with food residue. The marains of the
lesions were typically indurated. and acute or
chronic gastritis was frequently observed on the
area adjacent to the chronic ulcer.

Healing of posterior gastric ulcers pro-
duced by 0.05 ml of 20% acetic acid. \lor-
tality rates auributable to unconfined gasiric
perforation after ulcer preparation in the pos-
terior wall were higher (10 to 13%) than in the
anterior ulcer groups (7%). At autopsy. the
outstanding feature of the stomach a few davs
after the operation was marked gastric reten-
tion due to food accumulation. Although 1he
initial size and depth of posterior ulcers and
anterior ulcers were almost the sume 2t the time

of ulceration, large posterior ulcers were still

found in many instances at 40 or 60 davs. \t
150 days, more than 80% of rats had a small

ulcer and, in rats with such lesions. there in-

variably was concomitant. severe gastric dila-
tation with foad residue. The ulcer base was
strongly adhered to the pancreas andor omen-
tal fat, and the degree of adhesion was almost
the samé throughout the duration of experi-
ments.

Healing of anterior gastric ulcers pro-
duced by 0.14 ml of 20% acetic acid. At 3
days, large and deeply demarcated penetrating
ulcers were seen in the anterior wall. thus pre-
senting a high average ulcer index of 5 (Figure
3). Monrality rates due to gastric perforation
were about 15 to 20%. Rapid healing was evi-
dent after ulceration, as with .01 and 0.03 ml-
treated rats at 20 to 40 davs. Av 60 davs, 12 of
20 animals showed complete healing—ic. newlv
formed epithelia covered the entire surface of
the defect. Other animals also revealed a greatly
diminished defect size, although 1 animal had a
large gastric ulcer. At 80 days. 70% of animals
showed complete healing. During the 100- to
200-day period after operation, more than 437,
of rats had discrete ulcers. with ulcer indices
varving from 6 to 1. Hyperplasia of the gasiric
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Fig 2. Healing of gastric ulcers produced by sub-

mucosal injection of acetic acid into the anterior
or posterior wall of the rat stomach. Large dots rep-
resent the mean ulcer index and small dots repre-
sent values of individual rats.
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y—— Fig 3. Healing of gastric ulcers produced by sub-
mucosal injection of 207% acetic acid (.14 ml) into
the anterior wall.of the rat stomach. Note the ele-
vation of the curve with the passing of time, indi-

-_— _ cating the reexacerbation of healed or partially
healed ulcers. Large dots represent the mean ulcer
index and small dots represent the values of indi-

vidual rats.
—_— - . . - . -

) mucosa was frequently found in stomachs with  originally ulcerated area. At 250 days, 6 of 18
ulcers. Minor mucosal defects on the surface of  animals had large ulcers (25 x 22, 23 x 20, 18
completely or partially healed ulcers were ob-  x 18, 18 x 14, 14 x 13, 13 x 13 mm in size).

- served frequently, suggesting the beginning of  which were larger than or similar to the initial
recurrence. These minor lesions were usually  lesions; such lesions had extensive inflammato-
situated off-center of the position of the ry exudates on the foor of the ulcer (Figure 3).
Wy
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—_— Fig 4. Degree of adhesion of the base of the ex-
i perimental ulcer with the adjacent organs after
- ulcer induction.
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Fig 5. Gross appearam_e of a gastnc uicer pro-
duced by submucosal injection ot .14 ml of 207
acetic acid into the anterior wall of the rat stomach
(Day 250). Note the large size of the lesion and the
extensive debris on the floor of the ulcer.

In view of the size and time sequence of these
lesions, this ulcer model might realistically be
called a progressive chronic ulcer. Adhesions n
these lesions involved the anterior wall of the
pvlorus and duodenum, as well as the hasc of
the ulcer, as a result of confined perforation in
the majority of animals,

Gastric  distention, presumably  resulting
from impaired gastric emptying, was observed
throughout the experiment. Gastric contents
were not quantitatively measured. however.
Large ulcers were invariably associated with
greatly distended stomachs.

Healing rates of anterior and posterior
ulcers. The healing rates (mm,’day) of anterior
and posterior wall ulcers are summarized in
Table 2. The healing rates varied, depending
upon size and location of the ulcer, and almost
invariably diminished with time. During the 5-
dav period from the filth to tenth day after
operation. the mucosal healing rate of the
moderate or large uleers in the anterior or pos-
terior eastric wall was significantly higher than

624
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the rate with small lesions. The hé\lhu rate of
posterior ulcers became significantly slower
than that of the anterior ulcer, produced w ith
the same volume of acetic acid. during the 10- to
20-day period. At the 20- to 40-day interval, the
healing rates of the above four groups became
similar.

Basal gastric secretion during healing of
the acetic acid ulcer. Experiments were car-
ried out for 105 days after ulcer preparation. an
apparent minimal time for healing and re-
ulceration of the acetic acid ulcer. At | week af-
ter the preparation of the lesion, several ani-
mals (*/21) demonstrated notable bleeding from
the stomach during the collection of gastric
juice, apparently induced by the mech’mnml ir-
ritation of the new ulcer by the lavage pro-
cedure. Three of these 8 bleeding rats died,
presumably from hemorrhage, within 1 or 2
days after the first gastric collection, and no free
perforations were found. Subsequent gastric
collections did not provide evidence of bleeding
during the experiment. No control animals
(sham-operated) bhled. The weekly changes in
basal gastric secretion of animals which were
subjected to laparotomy or to experimental ul-
ceration are delineated in Figure 6. Volume
output and acid output were elevated signifi-
cantly just after ulceration (P < 0.01. and 0.05.
respectively). In the control group. volume
output was essentially similar throughout the
experimental period, but acid output was
slightly increased after ulcer preparation. Ti-
tratablée acidity remained unchanged in both
groups, except on Day 14 and 28, ar which
times the nonulcerated group showed higher
values. Protease activity, however, was mark-
edly suppressed just after ulcer induction (P <
0.001) and remained low throughout the ex-
periments.

At the conclusion of the experiments it was
found that 7 of the 14 ulcer-treated rats had a
discrete ulcer still remaining on the anterior
gastric wall, with ulcer indices fanging from 1
to 4. The remainder showed complete healing

Digestive Diseases, Vol. 17, No. 7 (July 1972)
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Table 2. Healing Rates of Acetic Acid Ulcers of Various Sizes and Sites in the Rat Stomach

Treatment with 207, acetic acid

A B C D
0.01 ml 0.05 m! 0.05 ml 0.14ml
anterior wall  anterior wall  posterior wall  anterior wall r
Diameter (maximum 470 + 021 990 = 038 900 : 061 1385 =z 041 A:B.000l
width of initial size) (10) (10) (10) 20) A:C . 0.001
atDay 5(mm) ‘ A:D <0.00i
B:C NS
B:D <0.001
: C:D <0.001
Healing rate (mm/day)
Period | 040 » 006 078 = 009 091 = 0.13 085 = 0.14 AB ..0.001-
{Day 5-10) (10) (10 (10) (18) A:C .0.001
A:D <001
B:CNS
B:DNS
: : : C:DNS
Period I 009 + 003 034 : 002 007 - 009 056 + 0.03 AB <0001
(Day 10-20) (10) (10) (10 (18) A:CNS
. A:D - 0001
B8:C.001
B8:D -0.001
, C:D <0.001
Period 11l 0.09 007 = 001 007 = 005 011 = 001 BCNS
(Day 20-40) (10) an . (10) (20) B:D :0.05
: . C:DNS
P -1l <0.001 Il <0.001 i <0.001 1l <0.01
h . 1:hl <0.001 il <0001 kil <0.001
111l <0.001 NS 1411 <0.001
Values are mean = SE .
Numbers inside parentheses = no. of animals used
NS = not significant (# »0.05)
with newly formed epithelium covering the de- DISCUSSION

fects. Stomachs of the control (laparotomy) an-
imals revealed normal gastric mucosae. Ac-
cordingly, data from the experimental ulcer
group were divided into two categories: healed
and unhealed groups. Results of this subdivi-
sion are shown in Figure 7. Volume output and
acid output of the unhealed group were statis-
tically lower during the latter period of the
experiment. However, the titratable acidity
remained unchanged in both groups. and the
decrease of protease activity was similar in hoth
groups throughout the experiment.

Digestive Diseases, Vol. 17, No. 7 (July 1972)

- Following production of ulcers in rats with
topical acetic acid, the possibility of recurrence
of previously healed ulcers was suggested in
previous reports (9, 10), but only preliminary
evidence existed. Results of the present ex-
periments, based upon large numbers of ani-
mals and a larger experimental lesion, suggest.
however, that ulcers observed after 100 days are
probably re-ulcerated lesions. Speciticatly. with
the present ulcer model (eg. induction by 0.14
ml of 20% acetic acid) all lesions rapidly and
markedly decreased in size without exception
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Fig 6. Gastric secretory changes in
chronic fistula rats subjected to laparo-
tomy alone or ulceration by acetic acid
injection. Fourteen animals were used in
each group; each point represents mean
+ SE (Values significantly different from
controls: @ = P<.05, MM = P<.0]l. AEN

Ch7 1421 28 35 42 49 56 63 70 77 84 91 99 105
DAYS AFTER OPERATION

ULCER
PREPARATION

until 20 to 40 days after ulcer induction, and

" then enlarged.

Healing rates were rapid (0.1 mm/day) with
large ulcers, and were in agreement with values
from the literature dealing with the healing
process of acute ulcers that healed completely
{13). In contrast. the smaller ulcers elicited a
slower healing rate but completely healed at 40
davs. The reason for these differences in healing
rates remains unclear.

One of the unique observations in this study
was the enlargement of the ulcerated region in
the latter phase of ussue repair. In particular,
at Day 230 the incidence of ulcers reached 2

626

maximum 79%, and the ulcers in 6 of 18 ani-
mals were in size equal to or larger than the ini-
tial lesions. These observations suggest that the
ulcers not only redeveloped but also increased
in severity with time, although free perforations
were not found. Posterior wall ulcers, in con-
trast to anterior wall ulcers, enlarged earlier
(prior to Day 40), suggesting that “‘aggravative
factors” appeared faster on the posterior gastric
wall. The following factors can be considered in
regard to the mechanisms of chronicity.

Adhesion of the base of ulcer to adjacent
organs. Haubrich and co-workers (16-18)

Digestive Diseases, Vol. 17, No. 7 (July 1972)
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Fig 7. Gastric secretory changes in chronic fistula
rats having healed or unhealed ulcers at the time of
autopsy. Seven animals were used for each group
and each point represents the mean = SE (Values

significantly different from contro!: @ = F* < 0.05.

mRl = 7 < 001).

have emphasized the fact that in human peptic
ulcer disease, confined perforations of fbrous
adhesions in many instances form the basis of
“intractability”” to the most rigid medical
management. One of the prominent features of
the experimental, acetic acid-induced ulcer is
the adhesion of the base of ulcer to the liver,
pancreas or omental fat, caused by penetration
of the ulcer into these organs (19). There exists,

Digestive Diseases, Vol. 17, No. 7 (July 1972)

therefore, a ’possibilit,\' that such adhesions
might influence the healing process in some
way. In the present experimental study it was
observed that the adhered area between the ul-
cer base and the liver was almost invariably ex-_
tended to the proximal duodenal wall, including
‘the pyloric sphincter. It is pnssible that the ob-
served gastric retention might have been caused
by pyloric obstruction due to these adhesions.
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Delaved emptving and gastric retention were
also recognized with the posterior wall ulcer,
the base of which was adhered to the pancreas
and omental fat.

As previously mentioned. the small ulcer
produced by injection of 0.01 ml of acetic acid
healed without reexacerbation: the adhesion
was slight and did not extend to the pyloric
sphincter. and delayed emptying was not found.

Dragstedt and co-workers have suggested

.that gastric stasis or impaired gastric motility,
with resultant hypersecretion, might be causal

to the pathogenesis and chronicity of peptic ul-
cer (20, 21). This theory was partly based upon
clinical experience with vagotomy in which
stasis. produced by vagotomy alone without
drainage procedure, sometimes resulted in the
development of gastric ulceration or recurrence.
It has been reported that bilateral, subdia-
phragmatic vagotomy alone evoked a delayed
healing of experimental acetic acid uleer (9).
Therefore, gastric stasis produced by adhesion

- might be a contributing factor to the chronicity

of acetic acid ulcer. Furthermore. the food of
Jaboratory rats is considerably more coarse than
that of man. cats or dogs. Therefore, the me-

* chanical trauma of rat chow upon the ulcerated

mucosa and associated gastric stasis might be
considered as one of the factors related to long
persistence of ulcerative lesions. as suggested by
Beazell and hvv (22 and Ivy and Fauley (23).

Gastric secretion. 1t is well known that

“gastric secretion in gastric ulcer patients is

either normal or reduced. compared to that ob-
served in nonutcerated. healthy persons.

In rats ulcerated by acetic acid. the volume
and acid output were steadily increased relative
o sham-operated animals. The increases were
especially marked in animals which had ulcers
at the tirhe of autopsy (Day 103 in contrast to
those which had completely healed ulcers. In
man and animals. it has been contirmed that
pyvloric ‘obstruction or gastric retention,
whatever the cause might be. evokes a vagovi-
gal reflex and. or release of eastrin 124274 or
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hyperplasia of parietal and peptic cells (28-30)
with a resultant gastric hypersecretion. There-
fore, the steady increase of gastric secretion fol-
lowing ulceration in the unhealed ulcer group
might be attributable to chronic pyloric ob-
struction, as manifested by delayved emptying
which was observed grossly. In contrast, the
mechanism of decreased peptic activity is not
known. Vagne and Grossman have reported
that exogenous gastrin administered during
gastric retention depressed pepsin secretion,
while vagal stimulation always stimulated
pepsin secretion (31). It is possible, therefore,
that the retention caused by adhesion may have
induced gastrin release from the antrum, with a
resultant increase in acid output and decrease in
peptic activity.
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Pharmacological Effects of Fatty Acids, Triolein
and Cottonseed Qil.
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Vzu‘iqus triglycerides in emulsion show marked pharmacological
propertics on intravenous administration. For example, scveral witl;k)w
Tnplcgular weights have been found distinctly toxic on intravenous
mjection (WRETLIND 1957 b; ORO, WisTERIIOLM & WRETLIND [959) Oﬁ
th'c other hand, fats of higher molecular weights, such as couon.\.ccd. oil
Fn.olci.n ax?d certain vegetable fats, show little or no toxicity on imru\'cnou;
injection into mice. Hence it is possible to producc injectable emulsions
of goltozxsccd oil as a carricr of agents, such as higher fatty acids, that
owing o insolubility could not otherwise be studicd for their pharma-
cological effects. Such fatty acid emulsions have enabled us to determine '
the toxicity of fatty acids on intravenous injection.

In the same investigation we have also studied the cflects of these
emulsions on respiration and blood pressure in cats. It was found that
emulsions containing only cottonseed oil or triolein could causc reduced
blood-pressure and apnoca. These cficcts were characterised by such
pronounf:cd tachyphylaxis that frequently they were noticeable only on
the first injection. They were readily distinguishable, therefore, from the
affects Qf' the different fatty acid emulsions in which cottonsced oil acted
as carricer,

. Lastly, we conducted experiments on guinea pig small intesting in order
to study the effects of fatty acid ecmulsions on smooth muscle.

: . Experimental.

Animal xperinients.

r‘('.il‘.{/(‘/(’I’Illl'llxl[i()llS of toxicity, mice weighing 13-34 g were used. The emuluens &
solutions of fatty acids were injected into the tail vein. Each fatty acid was admint wered
to at least six groups.cach of 10-animals. The calculations of LS50 with their sqandant g
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i
corors were by the method of MitLer & Tanter (1944); the results are summirised
in tigure 1.

Some 100 cats weighing 2-6 kg were used Tor investigating the respiratory and
circulqtory responses to cottonsced oil. triolein and fatty acid cmulsions. These
animals were anaesthetized with dialtymal (allobarbital (WHO), dial &, Ciba, 25-40
my per ki bady weight) or chloralose (50 my kg). Respiration and blood pressure
were recorded by means of o Grass clectroencephatograph!) with supplenentary
demodulators, A Statham pressure transdueer, model P 23 AA2), was used for blood-
pressure determinations on tie caratid artery. The respiration was recorded with a
Grass pressure transducer PT-5 connected to a side tube in a tracheal cannula.

In a number of experiments the pulmonary arterial pressure was measured via a
plastic catheter that had been sutured in the artery after opening the thorax. In one
experiment the thorax was closed again; in the others it was left open under artificial
respiration.

For studying the dircet cffect of fatty acids upon the heart, a fearr-lung preparation
described by WRETLIND (1957 b) was used. Blood pressure and flow were recorded

“by the Grass transducers mentioned above,

The action of fatty acids on guinea pig small intestine was studied in an isolated
organ bath containing 15 ml Tyrode solution (0.8 °,NaCl: 0.029; KCI; 0.02°¢CaCla:
0.02°; MgCla - 6 Ha0: 0,195 NaHCO;; 0.005°, NaH,PO; - HO: and 0.1 95 glucose).
The organ bath was aerated with air. A Grass foree-displacement transducer, mode!
FT-03. was employed for recording the tension of the gut. In this conncction we also
studied the ability of fatty acids to abolish contractions clicited by histamine.. For this
purpose histamine (0.2 ug/15 ml) was first added to the organ bath and fatty acid
emulsion was added without prior washing when maximal contraction had becen
obtained. The observed relaxation of the intestine was recorded.

“Test Solutions and Test Emulsions.

For the texicity determinations in mice the lowes Jatty acids (acetic, propionic,
butyric, isovaleric, norvaleric, caproic and heptylic) were administered in aqueous
solution, whereas the higher fatty acids, because of their insolubility in water, were
emulsified. To prepare these emulsions the fatty acids were first dissolved in heated
cottonsced oil, which served as carrier, Phosphutides, sodium cholate and glycerin
monostearate were used as emulsifiers (table 1). The emulsions were homogenized
in a Logeman apparatus (WRETLIND 1957 a). The pH of the solutions and emulsions
was adjusted to 7.3 with NaOH.

The concentrations of fatty acids were so chosen that the injected volume required
for determining LD50 amounted to between 3 and 45 ml per kg body weight. Thus
acetic, propionic, butyric, isovaleric, norvaleric and caproic acids wcre administercd
as 10% and heptylic acid as 5% aqueous solutions: caprylic, nonanoic, capric, unde-
cylic, laurie, tridecylic and myristic acids as 2% emulsions; pentadecylic, palmitic,
margaric and stearic acids as 0,274, and oleic acid as 2% emulsions,

For investigating the action of fatty acids on guinea-pig gut, 1% cmulsions of the
compositions recorded in table 1 were used.

Cottonsced oil was similarly utilized as carricr when investigating the respiratory
and blood-pressure responses of the'tat to higher fatty acids. Emulsification was with
phosphatides and Pluronic F 68 (table 2), because they make stabler emulsions of

1y Grass Instrument Co., Quincy, Mass,, U.S.A.
2) Statham Instruments Inc., 254 Curpenter Roud, Hato Rey, Pucrto Rico.
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Table 1.

Composition of futty acid emulsions used for
determining the tuxicity in mice.
The cottonséed oil, supplied by Wesson Oil and Snow-
drift Sates Co., New Orleans, La., U.S.A., was used
alter filtration at + 4°C. The phosphatides were pre-
pared as described WRETLIND (1957 a). The emulsions
were adjusted ta pH 7.3 with N-NuaOH.

Fatty acid e e iianee s 0.2-2¢
Cottonseed ol oo 10 ¢
Phosphatides .. ovvvne e 0.4¢
Sodium cholitle c i Olg
Glycerol monosteardte . .oovvnraeens 0.5¢
597 glucose solution toL . .ee e i e 100 m!

higher fatty acids than the emulsifiers prcvidusly mentioned. The fatty acids imvest
gated were stearic, oleic, lauric and tridecylic.

The cottonsecd oil emulsions used in the cat experiments had the compositon
shown in table 2, except that they contained no fatty acid and that cither unsaturate.
phosphatides (WRETLIND 1957 a) or hydrogenated phosphatides were used. In som.
experiments we studicd cmulsions containing triolein instead of cottonseed oil.

The hydrogenated phosphatides were prepared as deseribed below. The phosphatide
320 g were dissolved in 600 m! cyclohexane: 3,400 mi absolute alcohol were udded, an
the precipitated cephalins were filtered off, The filtrate was concentrated unde:
reduced pressure and nitrogen to a volume of 850 ml. To the resulting solution wet
added 30 mg Rancy nickel as catalyst, the solution being then transferred to o
autoclave in which it was subjected to hydrogenation at 85-130 C with hydroge:
at a pressure of 75-150 atmosphercs for two hours. The hydrogenated solutionw.
filtered hot and passed through a column of 500 g A1;0; with a diameter of 45 mn:
equipped with a hecating jacket (75°). The column was eluted with 959 cthanol. Th
first fraction of 300 ml was discarded; the next two litres of eluate were added to s
litres off acetone and placed in a relrigerator at +4°, The resulting phosphatides wei.
filtered of under reduced pressure, washed with acetone, and dricd in a dcsiccutw!
under reduced pressure. The yicld amounted to 30-50 grams. Analysis showed .‘-t’

1.6-1.7 per eent and P 3.7-3.8 per cent.

Table 2.

Composition of emulsions used for investigating the effects ‘
of fatty acids on respiration and bloed pressure.
Pluronic I 68 (polypmpylcnc-polyc\hylcnc-glucosc) ob-
tained from Wyandotte Chemical Corp., Wyundotte,
111., U.S.A. The emulsions were adjusted to pH 7.3 with

, 1 N-NaOH.
Fauy acid..ovevvnnnnns e 1B
Cottonseed oil. cvvvinnvnen RPN .. 10 g
PLHOSPHALIAES +vvuveienenvaenaesrnanes 28
PIUTONIC o v vuvnvnns PR 04g
592 glucose solution to..... e 100 !
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: Results,

In attempts to determine the LD50 for the carrier emulsions with
cortonseed oil alone, we found on intravenous injection of a maximal
solume - 1.c.. 60 mi/kg of the 25% cottonseed oil emulsion with emul-
(ifiers, as shown in table 1 - into mice only a transient depression of the
r.wpiration rate. 1t follows that the LD50 is higher than 15 g cottonsced

ol per kilogram.

L050
mg/kg
2000

1500

- 1000

\0-—“-—.

\—';"\._,
2 4 6 8 10 12 14 16 18
Number of C-atoms In fotty acid

Fip. 1. Toxicity of saturated fatty acids on intravenous injection into mice. The abscissa
iadicates the number of carbon atoms in the fatty acid molecule; the ordinate, LD50 in
raitligrams per kilogram of body weight. The LD50 values in mg/kg, togcther with their
standard errors, were: acetic acid 525 : 213 propionic acid 625 & 33; butyric acid 800 *
2-{: n-valeric acid 1290 = 53; isovalcric acid 1120 & 30 caproic acid 1725 4+ 85; heptylic
acid IZQO + %6 caprylic acid 600 =i 24; nonanoic acid 224 L 4.6; capric acid 129 £ 5.4;
radeeylic acid 140 -1 4.2; lauric acid 131 % 5.7; tridecylic acid 130 £ 7.0; myristic acid
41 ¢ 2.6; pentadecylic acid 54 £ 3.25 palmitic acid 57 -t 3.4; margaric acid 36 £ 0.3;
. stearic acid 23 + 1.3, .

Figurc | shows that the intravenous toxicities of different farty acids

¥ difier considerably for mice, Least toxic is caproic acid with six carbon -

aloms, which has an LDS50 of 1,725 - 85 mg per kg body weight. With
an increased or decrcased number of carbon atoms in the faity acid

molecule, the toxicity rises. The most toxic of all those investigated was
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stearic acid, which had an LD50 of 23 + 0.7 mg per kg. Approximately
the same value was obtained for stearic acid in the rat (21.5 4- 1.8 mg/kg).
Olcic acid showed an LD50 of 230 + 18 mg/kg in mice. This implics that

- stearic acid is ten times more toxic than the unsaturated oleic acid. The
toxicity of norvaleric and isovaleric acids differed slightly, LD50 being
1,290 -I- 53 and 1,120 -- 30 mg/kg, respectively.

When the fatty acid solutions and emulsions were injected in amounts
near the LDS0 dose, the animals immediately had convulsions and
collapsed on their sides. Respiration ceased within 1-2 minutes, sometimes
after hyperpnoca, - '

A Rise] e e e R - e TSN Y
2 3 4
B I
mmHg
300y —— e oo s
200] E—"“‘-"\q
100 - ﬁj v Kﬁwm
09 — L
O S o rosp.

Fig. 2. Influence of cottonseed oil emulsion on blood pressure and respiration. Cat, 3.0 kg
under Dial @ anaesthesia. A indicates 10-sccond intervals and injection times; B, respira-
tion; C, blood pressure in mm Hg. “Art, resp.” denotes artificial respiration. At 1, 2, 3 and
4. 0.7 ml/kg of 105 cottonsced oil emulsion containing phosphatides was injected intra-

venously. The interval between 1 and 2 was four minutces, betweeen 2 and 3 four hours and

between 3 and 4 two minutes,

Intravenous administration of emulsion with cottonseed oil or triolein
alone to anaesthetized cats produced various effects, depending on the
dose and the emulsificrs. With soy-bean phosphatides and Pluronic F 68
as emulsificrs aninitial intravenous injection (0.2-1 ml/kg body weight)
sometimes caused a fall of blood pressure as well as apnoca (fig. 2). The
latency was usually arcund 10-40 scconds. Another injection of the same
dosc invariably had ecither a less effect or none at all. = The action of
these cottonseed oil emulsions is thus characterized by pronounced
tachyphylaxis; hence the same or progressively higher doses can be
repeated with no demonstrable effects on blood pressure and respiration. -
When Pluronic F 68 alone was the emulsifier, -3 ml/kg was required
to produce an effect with 1097 cottonsced oil or triolcin emulsion.

" Cottonsced oil cmulsions produced a risc of pressure in the pulnionary
artery up to 100 mm My (fig. 3 The Lteney varied from 100 scconds to,

nn B A Uy A STHET SEAE T AT B R i
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fig. 3. Effect of cottonsecd oil emulsion on pressure in the ,Xz{n;gparly u;xg :'cacrgrr\gllc:‘:;err\:giy;

ERT ia wi thorax. A indicates 10-s

~21 1.3 kg, under chioralose anacsthesia with open ! I .

:N‘g m?cc(bion times; B, the pulmonary artery; C, the caro.ud z\rtg,r!/pm.;urlc. ‘:rtui: (%ngo/z;

4 ‘ mlkgofaldf, cottonseed oil.emulsion with pl)o;phatldcs (1.2°%%) and pluro 2%
o as emulsifiers were injected.

3 minutes. Here too the effect declined with repeated i.njcctions and
ultimately disappeared, although the injcs:tcd doses were hlgh. .
The hypotensive action of these emulsions was substantially lgss'a te;
vagotomy, but in spite of this opcratio.n there was an unchange nscdo
pressure in the pulmonary artery. )Thxs elevation in pressure showed a
ioh degree of tachyphylaxis (fig. 5). .
' LI‘)]i;jcCctt cxpcriment? s)lllowed also that soya}acan phosphat.lc!cs cause}c{i 3
blood-pressure fall and apnoea, both of which eflects cxlubxteFl mart.en
tachyphylaxis. With repeated injections, however, the ~hypotcn51ve actio
did not completcly disappear (fig. 4), a result suggesting that two hypo-
151V tors were present here. - , o
tcx\:ii\t;ﬁclgttonsccd fmulsions containing fatty acid, the ﬁ{st m_;cctlon;
were sometimes accompanicd by interference with the spccific effects o

A A H}—}%%ﬁrgﬂﬂ#ﬁbmw
|

. o o
Vig. A. Effect of phosphatides on bleod pressure and respiration. .Cnt,’l.‘B.k'r_!, l}nélc:h?llﬁogg
anacsthesia, A indicates 10-second intervals and injection t|xm;s; B, res ;?}ratmn, e oities
Pressure in mm Hg. At 1,2,3 and 4 4 ml/kg of 2.4 % soiution of soya bean phosp

inj atides bave a hy sive action char-
und 0.2%, Pluronic F 68 were injected. The phosphatides bave a hypotensive :

. acierized by tachyphylaxis, though a slight effent pcr:ist;.
) ) ) e o N PR v e - T )
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the cottonsced oil, but on repeated injection these quickly subsided
because of the tachyphylaxis. With fatty acid emulsions containing
hydrogenated phosphatides, only the eflects of the fatty acids werc observed.

Intravenous injection of the fatry acids investigated - stearic, oleic,
laurfc and tridecylic ~ had a hypotensive cflcct on the systemic circulation,
but raiscd the pulmonary arterial pressure. The doses required for this
action were 5 mg stearic acid, 50 mg oleic acid, 75 mg lauric acid or 60 mg
tridecylic acid per kg body weight. All of the fatty acids studied had a
negatively inotropic effect on the heart, as shown by the experiments on
heart-lung preparations. Similar results were given by oleic acid emulsions

Hy bt ittt
A% a 2 - 3
pi e ““\.1....."%\“‘
it T T oy S
S - ‘M‘h\ww%"'w-‘ m

Fig. 5. Influcnce of triolein emulsion on blood pressure and pulmonary arterial pressure after
vagotomy. Cat, 4.0 kg, under Dial @ anaesthesia with bilateral vagotomy. A indicates
10-second intervals and injection times; B, the pressure in the pulmonary artery; C, the
arterial blood pressure in mm Hg. Four ml/kg of 10 % triolcin criulsion with pluronic F 68
only as emulsificr were injected intravenously at 1, and 7 ml/kg at 2 and 3. It will be scen
that the emulsion caused a rise of blood pressure in the pulmonary artery with a slight
secondary fall in blood pressure, effects that disappeared on repeated injection,

without cottonsecd oil as carrier and also by those with unsaturated
phosphatides and Pluronic F 68 as emulsifiers. Emulsions with different
emuilsifiers differed somewhat in their effects. For instance, the effect on

pulmonary arterial pressurc was far less with hydrogenated than with

unsaturated phosphatides, The action on the respiration was characterized
by hyperpnoea after small doscs and apnoea after larger ones. No
tachyphylaxis was obscrved with fatty acid cmulsions. In several ex-
periments, indeed, an increased effect was noted on repeated injection of
equal doses (figures 6 and 7). - Vagotomy had no effect on falls in blood-
pressure produced by the fatty acids studicd.

As to the action of fatry acid emulsions on small intestine from the
guinea pig, our results indicated that the cmulsions did not themsclves

" cause any contraction, even in rclatively large doses (100 mg/15 ml). They

could, however, inhibit the contraction produced by histamine. The
degree of inhibition depended on the particular fatty acid contained in
the emulsion. Fig. 8 shows the relative potencics of the fatty acids in
this respect. Tt will be scen from the curve that capric and undecylic acids,
i.e., those with 10 or 11 carbon atoms, were the most eflective. Somewhat
more than 15 mg/15 ml of these acids was required for total inhibition of

L. ORO AND A. WRETLIND ; )
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Vig. 6. Effect of oleic acid emulsion on hlood pressure and respiration. Cat, 4.0 kg, under

chloralose anacsthesia with bilateral vagotomy. A indicates 10-sccond intervals and in-

jection times: B, respiration; C, bloed pressure in mm Hg. One mi/kg of 10% oleic acid

emulsion in cottonsced oil (10%) with soyabecan phosphatides (1.27) und pluronic F 68
(0.2 %) as emulsifiers was injected at 1 and 2.

the contraction after 0.2 pg histamine, If the fatty acid molecule contained
a greater or sinaller number of carbon atoms than 10 or 11, the relaxing
action on histamine-contracted intestine decreased; for instance, 150 mg

~ of butyric acid was required for total inhibition. Comparison of undecylic
acid with its unsaturated homologue, undecylenic acid, revealed no
significant difference. The emulsion system alone without fatty acid is
inert. No difference was detectable when the lower fatty acids were
administered in aqueous solutions instead of in emulsions.

A b _- —H3-H+H+H-H-H+H—|+H++H ; -Hg;H-O-#
RN
't

A L T T ""‘"-’\W“J‘l‘l;;;ivsll»;wlli\;;h'ly‘l!Lw‘: p
N ]
\ \
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1
Lo e awinondige? T sk
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\Mwux..“.m 5 ..-’.;'0«' RV
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Vig. 7. Effect of stearic acid emulsion on respiration and blood presture. Cat, 4.3 KB, under

‘hloralose anacsthesia. A indicates 10-sccond intervals and injection times; B, respiration; -

C, blood pressure in mm Hp. At 1, 2 and 3, a 1% stearic acid emulsion with 10‘}.;; cotton-
secd oil s carricr and phosphatides (1.2 %) and pluronic T 68 (0.257) as craulsificrs was
o o injected at a dose of 0.2 mi/kg, - g o ’
. A . e ! e LTI A eIt ot L,
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Number of C-atoms in fatty acid

Fig. 8. Relaxing action of fatty acids on guinca-pig small intestine contracted by histamine.

The fatty acids were administered in the form of cmulsion. Abscissa indicates the number of

carbon atoms in the fatty acid molecule. Ordinate shows percentage relaxation of guinca-

pig intestine contracted by 0.2 ug histamine, after addition of 1.5 mg fatty acid to an organ
bath containing 15 ml

Discussion.

This investigation thus shows that several fatty acids are markedly
toxic when administered intravenously. It is mainly the higher fatty acids
that show this, (LD50 23 mg/kg) to the greatest extent. With a reduced
aumber of carbon atoms in the molecule the toxicity diminishes, being
lcast for caproic acid with six carbon atoms (LD50 1,724 mg/kg). When
compared with the triglycerides of low molecular weight, the free fatty
acids thus show the reverse behavior in toxicity; for the LD50 curve for
triglyccrides reveals a distinct minimum when the fatty acid component
has five or six carbon atoms. Thus, hydrolysed fatty acids cannot be
responsible for the acute toxic action of the triglycerides.

Our value for the LD350 of acctic acid (525 mg/kg) is closely consistent
with that found by WeLcut ef al. (1944) - 380 mg sodium acetatc per kgin
mice. SAMSON, DAHL & DaHL (1956) described a hypnotic action of fatly
acids of low molccular weight (C2-Cio)- There seems to be no direct
corrclation between hypnotic and toxic effects. The ED50 for hypnotic
action decreases progressively with an increasing number of carbon atoms
in the fatty acid molccule, in contrast to the LD50, the highest dosc being
thet of caproic acid with six carbon atoms and the dose then falling with
Loth jncreased and reduced numbers of carbon atoms.

The responses of respiration and blood pressure to the fatty acid

- emulsions difTered from those to the triglycerides of low molecular weight

WpITUND 1957 a);
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in cats intravenous injection of more than 5 mg
Jearic acid or 50 mg oleic acid per kg was followed by apnoea and a fall
11 blood pressure as well as by convulsions with lethal outcome. Lower
doses had a depressor action on blood pressure; the respiration sometimes
teing stimulated. The dose required for toxic action varied somewhat
a1k the emulsifier employed. The effect on the circulatory system also
afered with dificrent emulsifiers. Stearic acid emulsions with phos-
~hatides and Pluronic as emulsifiers raiscd the pulmonary arterial pressure
.whstantially, and this clevation contributed to the fall of blood pressure
in the systemic circulation. With hydrogenated phosphatides there was no
demonstrable influence on pulmonary arterial pressurc; on the other
nand these emulsions had a pronounced effect on heart-lung preparations,
.o that their hypotensive action may be attributable to dircct cardiac
depression. Oleic acid emulsions that had been emulsified solely with
phosphatides and Pluronic F68, without cottonseed oil, also had a hypo-
rensive and toxic action on heart-lung preparations.

It is accordingly evident that the emulsified higher fatty acids studied
had, on intravenous injcction, a pronounced toxic action associated with
a fall of blood pressure.

Primir (1956) determined the toxicity of some neutral fats and free
falty acids in non-cmulsified form. He concluded that the toxic effects of
fatty acid were caused by damage to the pulmonary capillaries, with
extravasation into the alveolar spaces. JErFrFERSON (1948) held a similar
view. In our expcriments on anacsthetized cats we occasionally observed
progressive respiratory distress, and blood-tinged froth cscaped from the
trachcal cannula. At autopsy the lungs were oedematous. - It is worthy
of note that the LD30 is more or less the same for non-emulsificd oleic
acid in rabbits (PELTIER 1956) and emulsified oleic acid in mice (250 mg/kg
and 230/kg respectively). SCUDERL (1941) found that 0.33 ml of non-
emubsificd olcic acid per kg had a toxic action on the dog. The emulsificd
form had a lethal cffcct on anacsthetized cats in somewhat smallcr doses,
ic., 50-100 mg/kg. However, total amounts substantially greater than
250 mg of emulsified oleic acid per kg can be given by repeatedly injecting
sublethal doses. :

The fatty acid cmulsions had no stimulating action on small intestine

from the guinea pig - a finding that accorded with results reported by

Ganr (1956). The emulsions could, however, rclax histaminc-contmctcd
intestine. This clTect was not correlated with their toxic action; rather the
reverse, the relaxing cffect being maximal for fatty. acids with 10 ot 11
carbon atoms and decrcasing with cither a smailer or greater number of
carbon atorms in the molecule. Of interest in this connection is-the finding

of GANLEY ef al. (1960) that higher fatty acids partially inhibited the
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action of scrotonin (5-hydroxytryptamine) and the effect in anaphylactic
shock in mice. _

As to the blood pressure fall that follows injection of emulsions of
-cottonseed oil or triolein, it is difficult to determine the mechanism exactly
because of the pronounced tachyphylaxis.

If an anacsthetized cat is injected with 6 ml/kg 109 emulsion of
cottonsced oil or triolein emulsificd with 0.1 or 1.0% Pluronic F 68, a
substantial fall in blood pressurc as well as apnoca occur after about
10-60 scconds. The cat may even dic after this first injection. The pul-
monary arterial pressure sometimes rises as high as 100 mm Hg. Our
results suggest that the hypotensive effect is clicited mainly via the vagus,
for it is praclically eliminated by vagotomy (fig. 5).

Since the responses of blood pressure can also be obtained with the
soya bean phosphatides alone, it seems prabable that the effects observed
with the cottonsced oil and triolein emulsions were due to the presence of
such phosphatides. That the unsaturated phosphatides were responsible
also appears likely, inasmuch as there was no circulatory response when
hydrogenated soya bean phosphatides were used as cmulsifiers. The fact
that cottonsced oil cmulsions with Pluronic F 68 as the solc emulsificr
produced similar cffects on the blood pressure shows that this is not the
only explanation. Our observations tend rather to suggest that the cficcts
of intravenously administered fat emulsions are due to a number of fac-
tors, such as the properties of the fat, the emulsifiers, the surface tension,
size of fat particles and the charge carried by them. On the basis of our
present knowledge in this field. it is impossible to say finally which is the
principal factor involved.

According to Stevers (1958), tachyphylaxis is probably duc to specific
“receptors” that may take up the active substance, thereby eliciting the
pharmacological action. When no more of these receptors are available,
the effect ceases. The active substance is subscquently released slowly,
and not until the liberation is complete can an effect be once more ob-
tained. In our experiments the recovery period was relatively long, at
least four hours. It is not yet possible, however, to say where these
receptors are situated or by what mechanism the fat emulsions block

them.

Swunmary.

Pharmacological investigations of the eflects of intravenously admin-
istered fatty acids of high molecular weight are handicapped by the fact
that such acids arc insoluble in water at ncutral reaction. By utilizing fat
prrticles in an emulsion as carriers of these fatty acids, it has been possible

1

)l.\'l

CInour investigation to study the toxicity and certain pharmacological

Lo ORG AND AL WRETLIND )

effects of such acids when given intravenously, Although emulsions of the
carrier fat are devoid of toxicity, they exhibit peculiar pharmacological
etleets characterized by pronounced tachyphylaxis. In this investigation
the following obscrvations were made,

The LD30 by intravenous injection into mice was determined for
saturated fatry acids from Cy to Cyg. Of these, stearic acid emulsion showed
the highest toxicity: LD50 23 mg/kg body weight. With a decreasing
number of carbon atoms in the fatty acid molecule the toxicity fell,
reaching a minimum for caproic acid: LD50 1,725 mg/kg. As the number
of carbon atoms declined beyond that point, so did the toxicity risc again,
the LD50 amounting 1o 525 mg/kg for acetic acid.

The LDSO for stearic acid was ten times less than for its unsaturated
analogue. oleic acid. Yor the cottonseed oil emulsion employed as *‘carrier”
the LD50 was indeterminable, being higher than 13 g cottonseed oil per
kilogram. -

The pharmacological effects of emulsions of cotronseed oil gnd triolein
on respiration and blood pressure were investigated by intravenous injec-
tion into cats. With soya bean phosphatides and Pluronic F 68 as emul-
sifiers a blood pressure fall and apnoea as well as an elevation of the
pulmonary arterial pressure were observed. These effects were also noted
for fat emulsions emulsified solely with Pluronic F 68 and for unsaturated
soya bean phosphatides alone. Emulsions with hydrogenated phospha-
tides, on the contrary, did not produce such effects. The action on the
circulation and respiration showed marked tachyphylaxis.

The cfiects of higher fatry acid emulsions on circulation and respiration
were characterized by a fall in blood pressure as well as hyperpnoea or
apnoca. Such emulsions also had a negatively inotropic effect on the heart.

Fatty acid emulsions had no direct action on small intestine from the
guinea pig, but inhibited contractions elicited by histamine.
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OBSERVATIONS ON SOME EFFECTS OF THE SODIUM SALTS
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There appears to be very little information in the literature pertaining to
concentrations of various air poliutants or tobacco-smoke constituents that may
be toxie or nontoxic 1o tissue cclls cultivated in vitro. We hiave undertaken the
task of ascertaining these levels and this report records observations concerning
the fitst few of many known pollutants,

The eftects of the sodium salts of 10 monocarboxylic acids (formate, acetate,
prapionate, butyrate, valerate, caproate, oenanthylate, caprylate, caprate, and
benzoate) on several established cell lines (Hel.a, strain L, human lung, human
skin) were studied.

All of thewe compounds at a concentration of W myg ¢ were toxic to the cell
Tines tested with the execeptions of formate, acetate, itnd benzoate on strlm L,
and of valerate and caprybite on human laog.

All the compounds e x(?x(r stimulated proliferation or had no significant effect
at 1 myr U5 except caproate aud benzoate, which were toxic to human lung and
Puman skin cells, respectively,

Introduction

It has been recognized for some time that polluted air and tobacco smoke
contain acidic components. Most carlier investigations on the occurrence of
acids such as acetic, formic, and butyric (1), were based on qualitative deter-
minations and only recently have quantitative studies been made. Buyske and
colleacues (2) undertook a qu;mti(zltivc identification of the individual steam-
volatile monocarboxylic acids composing 5-89, of the particulate phase of
tobinceo smoke. The following experiments are concerned with these acids.

Although there is little evidence of carcinogenic activity by any of these
compounds (3, 4), they may he of biological and medical importance otherwise.
Some of then, especially those with a carbon chain length of Cs to Cia, exhibit
rather pronounced antitumor activity (5-7).

Ciliasiatic action of tobacco smoke has been reported by numerous investi-

gators (S-13). According to Wynder ef al. (13), the effect scems to be due to

some cxtent to the acidic and phenolic fractions of smoke condensate. They
found that the ciliatoxicity produced by formic acid, acetic acid, propionic
acid, henzoie acid, and formnldehyde was more pronounced, and that produced
by acetaldehyde, benzaldehyde, n-butyric acid, and oxalic acid was less
pronounced, than the effects of phenol.

Some of the steam-volatile organic acids were choscn for these studics to
Cobtain information regarding their toxicity in cells cultivated in vitro. This
TIhere imvestipations were supported by Grant No., APOC092-08, Division of Air Pollution,

Burenat of State Services, 'ublic Health Service and a grant from the Council for ‘Tobacco
.Rc icarch, USAL
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-addmonal information concernmg some of the blologxcal effects of th(.se

constituents of polluted air and tobacco smoke should prove to be of mtcrcst
and value to other xmestngators e T

A

: , Mqtcrmls and Methodq
Human skm cells (NCTC Clone 2414), strain L cells (NCTC Clone 929),

‘and HelLa cells were used in testing some of the compounds and human fety|

lung cells were utilized in all the tests. The cells were cultured in NCTC 169
medium supplemented with 109 horse serum (14-16) to which was added, at
desired concentrations, the compound under investigation.

Short-term experiments, extending to 19 days, were conducted .to ascertain
toxic and nontoxic concentrations.

Cultures were replicated in T-15 flasks by the usual precedures (17). Two

milliliters of céll suspension were added to each flask. After an adjustment
period of 48 hours the flasks were divided into control and experimental groups.
Thereafter, the medium was changed every 48 hours and the cells in each of
three flasks, selected at random from cach group, were counted. Counts were
made with a Coulter electronic counter.

Iirythrosin B was used for testing viability (18). Microscopic examinations
were made to ascertain morphological changes. In some instances photographs
were taken to record any alterations observed.

'
Results and Discussion

The results of the experiments are presented in Table I. Some explanation
is necessary concerning the two terms “effect” and “morphological changes',

Several terms were used to describe the effects of a compound upon the cells.
The effect was described as “toxic” if the cells died or if there was a decrease
in their population. If proliferation occurred, but to less extent than that of
the control cells, the term “retarding” was uscd. An effect resulting in a signifi-
cantly greater population than that of the controls was considered “‘stimulat-
ing". “Negligible” denoted neither significant inhibitory nor stimulatory

. effects. The table does not indicate, however, the occasional instances when

during the first 48 to 96 hours the compound appeared to stimulate growth,
although often this period of stimulation was {ollowed by a retarding effcct.

- Morphological alterations, observed under ordinary microscopic examina-
tion, were varied. One of the most prominent and {requent changes was a

tendency of the cells to take on a spherical shape, and this was usually followed
by detachment. An increase in number and size of vacuoles as well as in granule
formation was not uncommon. Fxperimental cells sometimes appeared to be
enlarged, and were frequently filamentous and spindle-shaped (at least, more
so than control cells). Giant cells developed occasionally and in some instances
blebs appeared on the surface, In the table, the terms used for morphological
changes indicate only that changes were or were not observed, and are in no
way descriptive. When the appearance was recognized as dehnitely altered,
it is indicated in the table that the alteration took place within a certain

v
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time or time range. If no change could be detected, the term “none' is used, . ; ) PP S
although this is hased only on observations made at a magnification of about ] — ap - T p B g E’. g n o ‘
400 times. Fixation of the cells, which occurred at times when they were ex- ;EJ 2,3 . u_§_§ ‘ ‘_§ ,'Sgé’ _SE “; "2
posed to the higher concentrations of some compounds, was often difficult to g SE| | 5533 g gg‘; | §§E§ ' §§§§ | g g"’éﬁ” e %f_é_:ﬂ'
recognize, since appearance was not appreciably altered and detachment did” £ e "/EE s 458y LhgE HAARG LLAY
not necessarily occur. However, viability or indications of fixation could be 5 2 =52 = 2832 = ! “
ascertained by means of erythrosin B. 2 - = 555 ' = ‘
Observations were often made at 24-hour intervals and routinely made at 8 ” !
Jeast every 48 hours. 8 o Co ! v
A concentration of 2000 mg 9%, was used only with sodium formate and ace- = = § ' g £ C ‘
tate. Sodium forn.mtc, at this conccn.trution, appeared to be more Foxic to g ‘ %wu: o MM_E -ggwg w0 b0 % 12 bo
strain L cells, which were dead within 24 hours, than to human skin cells, 2 g I.g-_g;g?l | ‘:’5_%"‘5 g;ggz‘ _-agg;’; g-é-%.é 9255
which continued to live for approximately 96 hours. Both types of cells dis- £ CH|'Es8ET2 E’EE I S3sa | A 38 | 23 §E I }'g EE
played ohvious changes after the first 24 hours. Sodium acctate at a concen- g Eééi (‘Egﬂg 2S5 7 ’5.’2‘2 2 (‘n’iéé
tration of 2000 myg % produced a declining population in human skin cells, = @ b = 3 = 3
but in strain L cells a retarding effect oceurred, in comparison with controls. §7;f a a A
Again, both cell types showed morphological changes within 21 hours.: Eﬁ ce
The results obtained when cells in vitro were subjected to a range of con- :"é E'%“g = gggggﬁsgg SUNL ol IHORD
centrations of the salts are presented in Table I. In concentrations of 1000 e EEN ;;;’2 | SoeSnnkea |RRES | Rk [ Somaea
mg Gp, acetate resulted in either a retarded rate of proliferation or a declining PR =8~ —“OCOOIS,. OCOD HemO —HmHOO
population. Formate retarded proliferation of strain L cells and caused a _ EN JEE o i
progressively declining population of human skin cells. w s g, - E% gy i:‘; TIed vv.;wg:m:;w TRS 1SS FIISE
It is intercsting to note that all concentrations (10 mg % and above) of = QE ,E'E’g‘%ﬁ gl A== lﬁ:‘l_._..-.f.«‘.f.g l3xSq G882 fFiaas
formate and acetate had a growth-retarding effect, except on strain L cells, and f; 52 FEg 5 .
that the effect on Hela cells appeared to be negligible. (The additional Na E'ﬁ, e
content at this and lower concentrations of the salts is negligible compared g2 SE 28 %5—}3}S%S%%?f}S‘,%%Fj,,?j?j,\g&%%ﬁ‘g{f:ﬁ{éﬁ?éggggg
with the total Na content of the medium, e.g. the Na content in 10 mg 7% Na %”é 2% @ §~X ;;;;;;;;;;2222222222;2222;;;;;
formate is about 5ntg %. The total Na content of the medium plus 109 zs b
serum was about 400 mg %.) Proliferation in strain I scemed to be enhanced Efv te 3.4 : ‘
when the cells were exposed to this concentration. IFormate at 1 mg Ty also ER g.gségﬁc; °”Sggc’”Eggo—‘eggmﬂaggo—*gggo—'ggg
appeared to stimulate proliferation in human skin cells. Usually, if the so-called 2 S g -—§ LE - - = =2 TR =
“retarding”’ effect was comparatively slight no morphological changes @ “ '
were observed. % = _ -
Sodium propionale appeared to be toxic to human lung cells only in concen- 2 ol o5 ) § o ‘:E @
(rations above 10 mg %. No other cell lines were tested. : = E1E0 o . '§ ‘ %8 8
Sodium butyrate in concentrations up to 1 nig 95 scemed to have very little = UL =5 g - £5 =5
if any effect on the thred lines indicated. At 10 mg % and above it became g ’ “l ez S E ,;i EZ R
quile toxic. ‘ : S T @ = T T s
Sodium wvalerale at 10 mg % was toxic to all cell lines except human lung : é ' '
cells, on which there was very little effect, if any. § .
Only human lung cells were exposed to caproate, which was toxic, especially 3 3 . i
above 10 mg %. . « : 2. S8 e - .
The results indicate that oenanthylate at a concentration of 1mg % had no”, 2 28 g g , . £
effect on human lung cells but had a retarding effect and was quite toxic.. 2 n ‘-g.§ .§§ ‘
o . = ; 2 ' 2]

~above 10 my 9%. Lol ‘ : A : b ‘
. . o . b
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TABLE I (Continued)

Concen- Time to
tration No. of maximum a
of celis;ml  population '
substance at (hours Maximum ) !
Substance tested exposure after population Morphological =
tested Cell line (mg S¢) {X 10%)  expusure} (X 10%) Effect changes :
&
Human lung 0 0.254 192 0.830 — - -
1 0.284 16 0.792 None . None ]
10~ 0.284 192 0.710 Retarding None -
100 0.284 96 0.531 Retarding Within 48 hours &
’ ) 1000 0.284 — —_ Toxic Within 12-2+4 hours =
- Lo Hela 0 0.142 192 0.516 — . — o
’ c 1 0.142 192 0.510 None None =
- 10 0.142 192 0.485 Retarding Slight z
100 0.142 144 0.458 Retarding Siight c
1000 0.142 102 0.292 Retarding Within 141 hours Z
Sodium Human lung 0 0.310 144 1.060 o= — 2
propionate 1 0.310 196 1.318 Stimulating None o
10 (.310 196 1.149 None None w
100 0.310 144 0.399 Retarding Within 96 hours a
: 1000 0.310 — — [*ead within 48 hours Within 24 hours ﬁ
. Sodium Human skin 0 0.578 216 2.10 — — 5
butyrate (NCTC 2414) 1 0.578 192 1.952 - ‘None None N
' 10 0.578 192 1.222 Dead within 144 hours \Within 48 hours S
100 0.57 — —_ Dead within 48 hours Within 48 hours 5
1000 0.578 — — Dead (2448 hours) Within 24 hours »
Strain L. 0 0.132 14t 1.380 — _— C
(NCTC 929) 1 0.132 14 1.290 None None =
10 0.152 4% 0.490 Retarding Within 48 hours E
100 0.132 — — + Dead within 48 hours \Within 2448 hours
1000 0.132 — —— " Dead (2448 hours) Within 24 hours 2
Human lung 0 C0.272 144 0.840 — — g
1 0.272 144 0.793 None None o
10 0.272 96 0.462 TRetarding Within 96~120 hours
100 0.272 — —_ Dead within 48 hours Within 2448 hours
1000 0.272 - — Deud within 48 hours Within 24 hours

<8

for

TABLE 1 (Continued)

Concen- Time to
tration No. of maximum
of cells/ml  population
substance at (hours Maximum - - - . -
Substance tested exposure after population - Morphological
tested Cell line (mg G) (X 10%)  exposure) (X 109 Effect changes g
z
Sodium Human skin 0 0.172 144 0.714 — — z
valerate . (NCTC 2414) 1 0.172 142 0.6582 None Nere =
10 0.172 192 0.324 Retardiag \Within 24 hours z
100 0.172 — — Dead within $6 hours . Within 24 hours =
1000 0.172 _— — Dead within 24 hours ' Withia 24 hours 2.
Strain L 0 0.126 144 1.380 — . —_— =
(NCTC 929) 1 0.126 144 1.300 None None £
10 0,126 144 (.632 Retarding . Within 48 hours =~
100 0.126 144 0.300 Retarding Within 448 hours S
1000 0.126 — — I>ead within 48 hours Within 24 bours - - _.
Human lung 0 0.281 192 1.104 — St : — BN
, 1 0.281 192 1.150 © None . None 3
10 0.281 192 1.090 None : Within 96 hours =
100 0.281 — — Toxic Within 72 hours ¥
. 500 0.281 — T — Toxic Within 24 hours 5
Sodium Human lung 0 0.344 144 0.9930 —_ n - — : !
caproate 1 0.344 168 0.652 Retarding Within 120 hours = &
(hexanoic . (10 0.344 168 0.515 Retarding \Vitkin 120 hours <
Na salt) 100 0.344 — —_ Dead within 96 hours Within 24 hours = &
. - 500 0.3 —_ — Dead within 96 hours “ithin 24 hours b
Sodium Human lung 0 0.225 96 0.491 — — &
cenanthylate 1 0.225 U6 0.4%0 None None o
(heptanoic 10 0.225 96 0.346 Retarding Within 96 hours 2
Na salt) . 100 0.225 — — Dead within 48 hours Within 2448 hours ™
500 0.225 — . — Dead within 24 hours \Within 4 hours
Sodium Human lung ’ 0 0.310 144 0.660 — : s —
caprylate 1 0.310 144 0.737 Stimulating (?) None.
(octanoic 10 0.310 96 0.451 *  Retarding Within 96-120 hou :
Na salt) 100 0.310 — — Dead (48-96 hours) Within 24 hours e’
500 0.310 — — Dead (2448 hours) Within 24 hours -
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TABLLE [ (Cencluded)

. ) T AL.: EFFECTS OF MONOCARBOXYLIC ACID SODIUM SALTS 87 ) £8 CANADIAN JOURNAL OF BIOCHEMISTRY. VOL. 45, 1067 ‘
v o e ot -2 B, Caprylate at 1 mg % actually enhanced proliferation of humnau fung cells
— = = ) . . !
3 553 35 583 28 52 22 3 but was toxic at 10 mg % and above. ,
S I s ton Ug’«f g'g{ﬁ'j g g';;’; voLd gRIRZ Sodium caprate stimulated proliferation of human lung cells but appeared
SE| 1 ERAR I ERD | | ERLA 1 55241 888 | Shgn fect i ; i Greater concentrations wer
25| 930 s Fag dghe shgn mAgS 244G to llm.ve no effect in concentrations of 1 mg %. Great entrati ¢
8° SEE £S5 £EE 2.£ £ EZE toxic in all cases. ,
= S22 BE 535 52 53 2=z Sodium benzoate at 1 mg 9 appeared to have very little effect on any of.thc
- - - three lines tested, but except for strain L it was toxic above this concentration,
Aromatic polycyclic hydrocarbons, some of which are carcinogenic, may be
" "o " " adsorbed by soot particles in polluted air (19-22). These adsorbed carcinogenic
5% i3 ER - - 3 hydrocarbons are considered biologically inactive (22, 23). Organic acids such
b0 [ o [ = . . -
SEun 3 wr wa 8 '\‘;ggng w3 ?:oténf‘ as those occurring in tobacco smoke and polluted air may act as solvents for
+ -2 g EX 5.8 = seW . . N . .
Sl —gﬁ’:'j | g'g:i; | %-E';f, | ._g'g'g; [ g %’E;‘; | %*a*e‘: these carcinogenic hydrocarbons. Therefore, if soot and tobacco smoke should
o) E ‘:;—,E,I ZEEE 7 5—5;5 EZ%l 24 gj‘ “ S g—é oceur simultancously in the lungs, the carcinogens possibly might be cluted
) o Y= = B o = . . o . s
BEFL MEE WEI omES KT e from the soot by the organic acids of the smoke. The eluted carcinogens might
B3 TE B g 3 ”5 then become biologically active (22)
o U V] U o o o a fad i 4 L. . . .
Qa Qe Qo A Q Smoy and tobacco smoke are known to be irritating to the mucous epithelium
g8 of the respiratory tract. This irritant nature may be due in part to acids and
258 (?_.:3”:’2. || 32:@ E;g;:?. | 125:_‘.‘)63 :ﬁé?\g could facilitate further action, especially on the basal cells, by carcinogens.
e = -4 ° - v ~ ¢ ¢ — . . . .
FEX|2ec  mmo AoS S8 mend Our interest in toxicity levels for the numerous air pollutants and tobacco-
- smoke constituents is based on our intention to investigate further their actual
LEE effects on basic mechanisus within cells. Additional information concerning
=352kl - - - - H e G s N <11 N . » v 1 > / A
wEZ5837 291 | 319 :1"::;5'1 [ %;11 :’:.1:”’-‘:' éé;_:g' blUl()},lCd.l effu,}s of these constituents should prove to be of interest and value
FE4Ea849 g SR e - S e - to other investigators.
Pov Q .
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SOME RESULTS OF RESEARCH ON ANTISEPTICS
IN FOOD PRODUCTS FROM THE MICROBIOLOGICAL VIEWPOINT*

By L. Paixl and J. H. H. MolZ

For a long time, the attention of hygienists has been attracted to the
study of the dangers which may result from the absorption of antiseptics
increasingly being used in food (2), (3), (4).

However, their number, their variety and{their efftcacy continuously
increasing makes the task of the chemist difficult: how is he is to find,
theﬁ identify the presence of substances whose concentration is of the order
of milligrams per kilogram or liter?

The publications of Doctor Mossel on the aspecific detection of anti-
septics by microbiological means opens up a new métﬁod, full of promisé for
the study of this probiem.

The method used consists of innoculating into appropriately prepared

substratum, a suspension of Séccharomypes cerevisiae in the form of a simple
baking leavén diluted in a certain way. This is transferred into Einhorn
tubes which are kept at 24°C. After 24, 30, 48 or 67 hours according to the
case, the volume of the released gas is measured (1).

If the substance in question contains an antiseptic in an efficacious
concentration, fermation will be stopped or even nonexiétant.

Different fqod—prodﬁcts were used in the course of this work: beer,

jam, milk, lemonade, margarine, meat and ice cream.

~ e S ~

*Work done under the direction of Doctor D. A. A. Mossel in the Laboratory
of the "Central Institut vooz Voedingsonderzoek T.N.0." in Utrecht, Netherlands
(Director Dr. M, van Eekelen).

lJoint Chemistry and Bacteriology Laboratory. Brussels Belgium

2central Institut vooz Voedingsonderzoek T.N.0., Utrech, Netherlands



Two general remarks:

The sensitivity of the test and the concentration of the innoculative
substance vary inversely: this follows from combinations interferring be-
tween the protein and antiseptic sutstances and diminishing the efficacy of
the latter.

Furthermore, in the cases of product naturally rich in germs, one must

°
A

counteract the microbial antagonism by using more concentrated (10" cells/ml

in the innoculated solution) suspensions of S. cerevisiae.

These two points of views must obviously be reconciled. It should also
be noted that a concentrated innoculation alldws for readings toAbe made
more rapidly. |

It is absolutely necessary, no matter what the expérimental sﬁbstance is,
to do a blank run, parallel to the experiment, whether tﬁis is an identical
substrate of certain origin or an artificial solution.

The fermentation capacity of the leaven musﬁ be verified under the exact-
conditions of the experiment: in this way, one can be certain that the source
used is active, that the substrate contains sufficient growing factors and

no natural inhibitors and that the danger of positive mistakes is avoided.

1. Beer (5)

Beer, being generally a very poor medium for allowing active fermen-
tatibn,'S ml of a sgerile solution of glucose (50 g + 100 mi H,0) gnd 10 m1
of Wickerham's nutritive solution (mineral salts, vitamins) is added per 100
ml of beer. This is sterilized by filtration and stored in the refrigerator.
Method of Operation

The experiments were done with the foilowing: a Dutch beer (known to

be without antiseptic agents as it is; the same beer to which was added

- 640




HgCl, in amounts of 5, 10, 20 mg Hg/liter; the same beer to which was added

2
a phemylmercuric derivativg in amounts of 0.5 and 1.0 mgr Hg/liter; the

same beer to which was added ethyl monobromacetate in amounts of 0.5 mg/liter;
the same beer to which actidione was added in a concentration of 0.2 mg/liter;
a light Belgian beer as is; a special Belgiah beer as is.

50 ml of each sample of decarbonated beer as is or to which was added
antiseptic, were fermented under éterile conditions with 2.5 ml of a glucose
solution (50 g + 100 ml HZO) and 5 ml of Wickerham solution. |

The substance to be innoculated is prepared in the form of a suspension
of 1 g of baking leaven (in solid form) (aged.for 3 days and kept on ice)
diluted in 9 ml of sterile physiologic water (0.85% NaCl) (this solution
contains an average of 109 cells/ml): this is successively diluted in sterile
physiologic water until a solutiom of 104 ceils/ml is obtained. From ﬁhis
last solution 0.5 ml is taken to be added to each sample.

The Einhorn tubes are filled and placed in an incubator at 24°. Read- -
ings of the gaseous volume were taken at 48, 67, and 72 hours.

There were two Einhorn tubes for each attempt.

The gaseous volumes indicated in the table were calculated by multiply-
ing the height of the released gaseous volume by the approximate value of

1.5.

Conéluéions

All the samples to which antiseptic or antifungus agents agents gave
positive results. Using the blank run as a point of departure, we arbi-
trarily considered an inhibition of fermentation {measured as gaseous

volume) greater than or equal to 50% as a positive result.




" RESULTS
Gaseous volume in
Milieu em3 after:
48 h. 67 h. 72 h.
1 Dutch beer 0 17,5
2 _+ glucose + W.D. 0 17,5
3 Dutch beer 0 0 1,5
+ glucose + W.D.
4  + 10 mg Hg/liter (HgCl2) 0 0 1.%
5 Dutch beer 0 0 0
+ glucose + W.D.
6__+ 10 mg Hg/liter (HgCls) 0 0 0
7 Dutch beer 0 0 0
+ glucose + W.D.
8 + 20 mg Hg/liter (HgCl,) 0 0 0
9 Dutch beer 0 0 0
+ glucose + W.D.
10 + 0.5 mg Hg/liter 0 0 0
(phenylmercuric salt) ’
11 Dutch beer 0 0] 0
+ glucose + W.D.
12 + 1 mg Hg/liter 0 0 0
(phenylmercuric salt)
13 Dutch beer 0 0 0
+ glucose + W.D. '
14 + 0.5 mg/liter 0 0 0
ethyl monobromacetate '
15 Dutch beer 0 0 0
+ glucose + W.D.
16 + 0.2 mg/liter actidione 0 0 0
17 Light Belgian beer 5 17,5
-+ glucose + W.D. -
18 9 17,5
19 Special Belgian beer 0 0 0
+ glucose + W.D. ‘
20 : 0 0 0
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The special Belgian beer clearly appeared to contain a fermentation
inhibitor. Further, this was found through chemical means to be Hg in an
amount of 1.7 mg/liter.

An amount of Hg of 5 mg/liter introduced in the form of the HgCl2
seemed to be a concentration approaching the threshold of perceptibility,
while an amount of 0.5 mg/liter of Hg introduced in the form of phenyl-
mercuric salt gave a positive result. This demonstrates well that the
antiseptic power of Hg depends on the form of the compounds in which it is
introduced, and it is superior to the microbiological method in its ability
to measure the actual effectiveness of an antiseptic and to do this in a
milieu to which the antiseptic has been added.

2, Jams |

The osmotic pressure found in jam was found to be too high for the

acitivity of S. cerevisiae: this is why a dilption of 1 to 5 was judged
necessary.
The difference is made up in the diluted jam with leavening agents
using a dilution of 1:5 with a sterile solution of 0,30% leavening extract.
Certain jams, principally those with citrus fruit bases, contain

terpene peroxides, natural inhibitors of S. cerevisiae. In order to avoid

positive errors, before sterilization, we put.into the Einhorn tubes 1 to
1.5 g of liver cut into small pieces; the variation of the potential redox
which resulted from this enabled us to get around this problem. However,
it should be noted that the sensitivity of this method is slightly diminished
by the introduction of organic matter. |

The samples were adjusted to pH 5.5+0.1 in order to inactivate the

benzoic and sulfuric acids legally used in the Netherlands.



Method of Operation

The experiment was done using the following: a Dutch marmelade as is;
the same marmelade with 1ive; added; the same marmelade to which liver and
ethyl menotromacetate in amounts of lmg/kg were addedg the same marmelade
to which liver and ethyl moncbromacetate in éméﬁnts of 2 mg/kg were added.

Each sample of 50 g of jam as is or to‘which was added ethyl monobrom-

640

acetate was diluted with 200 ml of 0.30% solution of leavening extract (sterile).

These were tmiged-in the "Turmix” for 5 minutes, pH was adjusted to around
3.5, pasteurized for 1 hour at 80°C (by immersion in water bath of 85°C, with
asﬁélcontrol, a confainer of the same sort containing the same volume of
distilled water and into which a thermometer was plonged).

Then the #H was adjusted to 5.5, aseptically with the aid of 10% NaOH.
Into every 50 ml of each sample, we innocﬁlated 0.5 ml of a suspension of the
leaven containing about 10% cells/ml,‘filling the Einhorn tubes (containing
liver or not according to the sample), and put them in the incubator at 24°C.

Readings were made after 24, 30, and 36 hours.

. RESULTS |
Gaseous volume in
cm3 after:
24 h. 30 h.
21 Water 1.5 17.5
+ glucose
22 + leavening extract 1 13
23 Jam 1.5 16,45
as 1is '
24 Dilution 1l: 5 1.5 17.5
25 Jam 15 17.5
as is
26 Dilution 1: 5 13.5 17.5

Liver in Einhorn tubes
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Results Con't

24 h. 30 h,
27 Jam + 2.5 17.5
' 1 mg/kg ethyl monobromacetate ' :
28 Dilution 1:5 - S 2.5 ... 17,5
tiver in Einhorn twbes
29 Jam + 0 5.5
2mg/1lg ethyl monobromacetate
30 Dilution 1:5 0 8.5

Liver in Einhorn

CONCLUSIONS

In the saﬁple éontaining 2mg of ethyl monobromacetate per kilogram,
fermentation is clearly stopped. In the sample with 1mg/kg, no conclusion
can be made, fermentation occurring in the same way as in the blank run and
in the sample of jam as is without liver added to the "Einhorn" tube.

The pr‘sencg of the liver would give clear proof of ;ts effectiveness

if the attempt without the liver hadn't fermented in the same way as the

blank run.

Nonetheless, sight must not be lost of the fact that the blank run,
cdhtaining an artificial solution, didn’'t confain as many expanding factors as '
a jam rich in fruit, and we may wonder if the effects of these factors didn't
effectively counterbalance those of the natural inhibitors.

In thisvparticular care, the most favorable time for reading was at 30
hours of incubatiom.

From the point of view of sensitivity, we caﬁ note that in the case of jam,
the saﬁple containingIng of the monobromacetate ester per kilogram gave a

clear positive result, while in the case previously discussed (beer), an even

more clear positive result with only 0.5mg of this ester per liter. This

result is predictable and normal because in beer, the method was put into

effect in a way so as to push as far as possible the threshold of perceptibility:

first of all, by introducing (the milieu is ready for it) a less concentrated
suspension of the.leavening agent (10% cells/ml), and also by introducing

supplementary expanding factors in the form of Wickerham's solution. This




gives to the leavening extract, bgsides.the-advantage of being of a definite
composition, that of avoiding having to add to the bearv(naturally poor in
proteins and amino acids wiﬁﬂfthiol functions) sulf-hydride compounds

which neutralize. the effect of céttadn antiseptics and even lower the

sensitivity of the test.

31k (6)

Milk, a true breeding ground for microo;ganisms cannot be sterilized
by heat before the microbiological assay; somé antiseptics like the mono-
bromacetic ester and chloropicrine are not resistant to such a treatment.

As pointed out above, in order to combat the microbial antagonism, a
massive implantation of 106 cells/pl must be used in the experiments.

The necessary hydrécarbonated supplement in the case of milk is formed
by glucose from a sterilé solution (50g + 100ml Héo) from which 5ml per
100ml of milk is added.

The use of S. cerevisiae presents two advantages here:

a) Antibibtics used in veterinary thérapy have no effect on it.
b) The reductions of pH (to 4.5 at the most) frequently occurring
"in summer milk are not harmful to its development; a stopper
is thus not necessary.
Method of Operation
The experiments wefe done using: pasteurized milk as 15; pasteurized milk
+ lmg ethyl monobromacetéte per liter; pasteurized milk + 2mg ethyl mono-
bromacetate per iiter; 50ml of each sample of milk as is or to which
antiséptic agents were added were enriched under sterile conditions with

2.5ml of a glucose solution (50g + 100ml H,0)«
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These are inplanted with 0.5 ml of a suspension of 10° cells of leaven

per ml, put into Einhorn tubes and placed in an incubator at 24°C.

Readings are made after 24 and 43 hours.

RESULTS
Gaseous volume in
cm3 after:

1 24 h. 40 h., 48. h.
31 Pasteurized mili coag. 17,5
32 + glucose coag. 13.5 17.5
33 Pasteurized nilk 0 4 2.5

+ glucose 0 0 2.5
34 + 1 mp/liter ethyl monobromacetate
35 Pasteurized milk J . 0 U

+ glucose _ _
36 + 2 mg/liter ethyl monobromacetate a 0 1

Conclusions:

The sample to which ethyl monobromacetate was added showed

no fermentationm.

4 ~ Lewonade (7).

The remark made about jam concerning tue natural innibitors of terpene

peroxides is equally applicable in tiiis case.

Certain drinks sold under the designation “lemonade" are'purely syn-
thetic products of suzar bases, citric acid and artificial coloring and
aroma; tne grouth factors are obviously absent aad the addition of leaven
proves to be.indispensable.

It may be wondered to what degree tie colorings used in this kind of

drink inaibit the developrent of §S. cerevisiae.
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The case of eosin was studied; tolerable quantites of broﬁine vere
introduced in this form up to 50 mg Br/liter which represents 50 times the
detectable quantity of antiseptic bromine. |

In the Hetherlands, sulfuric and benzoig acids being permitted in

lenmonade, the pH is fixed at 5.5 + 0.1 in order to inactivate them.

Method of Operation.

The experiment.were done usihg:

a Dutch lemonade with a cherry base, as is;

'the same lemonade to which was added 0.2 mg ethyl monobromacetate per
liter;

the same limonade to which was added 0.4 mg cthyl monobromacetate per
-liter. |

To 53 ml of each of the lemonade samples as is, or to which antiseptec
was added, we added 5 ml of a sterile solution of leaven extract (25 gr +
100 ml HZO) which brought the pH aseptically to 5.5.

A blank run was done at the same timelon water (pH 5.,1) to which 1 rl
of the leaven extract (25 g -+ 10 ml HZO) and 5 ml of glucose (50 gr +
100 ml i50) per 100 ml of water was added.

fach amount of 50 ml was implanted with O.S ml of a suspension of
leavening agént of 106.cells/m1. The Einhorn tubes were filled and kept at
24°cC.

Readings were made after 24, 30 and 48 hours.
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Results

Gaseous volume in
cm3 after:

24 h. 30 h,

37 Lemonade 15 17.5
4+ leaven extract

38 pH 5.4 11.5 17.5

39 Water 1.5 7
+ leaven extract

40 + glucose 3 5.5
pH 5.1

41 Lemonade 1.5 4.5
+ leaven extract

42 + 0.2mg/liter ethyl momobromacetate 1 4
pH 5.4 A

43  Lemonade 0 1.5
+ leaven extract

44 + 0.4mg/liter ethyl monobromacetate 0 2.5

CONCLUSIONS:

The most favorable reading was made after>30 hours of incubation.

The blank run did not ferment as quickly or as strongly as the plain
lemonade, but we must no lose sight of the richness of fruits in growth
factors; here, ve are copcerned with a lemonade having a fruit juice base.

The concentrations of bromine derivatives additions are clearly inhibitory.

5-Margarine

The research being done on '"non-fatty" material, the liposoluble colorings
used interferred i